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structures and functions of the human brain. . . . (Durham. 1978: 431—4321 

Durham's fourth mechanism is not a bias in our terms, but the natural selection of 
cultural variations. We will consider this topic in the next chapter. 

The pure genes hypothesis 

The pure genes hypothesis holds that the observed differences between different 
human groups have a significant genetic component. The most extreme version of 
this hypothesis would posit that human behavior is a highly canalized genetically 
controlled character, like finger number. In this view, most of the differences (hat 
are usually attributed to tradition are genetic. Very few contemporary scholars hold 
such an extreme hypothesis However, there are many scholars who. while allow¬ 
ing an important role for environment, learning, and culture, believe that at least 
some significant portion of the differences between human groups has a genetic 
basis. 

The simplest genetic hypothesis holds that only genetic and environmental 
differences are important and that the dynamic properties of cultural transmission 
can safely be ignored. The models of "cultural evolution" presented by Lumsden 
and Wilson (1981) in Chapters 5 and 6 fall into this category. Lumsden and Wilson 
imagine that there are two behavioral variants which they call “culturgens" and that 
every individual is aware of both variants. What varies between individuals in their 
model is the variant actually used. They suppose that, every so often, each individ¬ 
ual evaluates its behavior and with some probability stops using the variant that it 
currently uses and adopts the alternative variant. This constitutes a simple model 
of learning. If individuals characterized by variant I are more likely to adopt variant 
2 than individuals characterized by 2 are to adopt I. then the learning process (or. 
as they put it. the "epigenetic rule") favors variant 2. Lumsden and Wilson do allow 
the frequency of usage of the two variants among an individual’s peers or among 
members of the parental generation to affect the probabilities of switching behav¬ 
iors. In our terminology, this constitutes a form of cultural transmission. However, 
in their actual analysis, transmission is assumed to be so weak in its effects that it 
has no qualitative impact (Lumsden and Wilson. 1981: 288). 

It is important to understand that Lumsden and Wilson do not assert that trans¬ 
mission effects are always unimportant; in fact, they analyze other models in which 
such effects have an important role. However, their strongest claims about the 
general nature of human evolution are derived from the model described above 
(Lumsden and Wilson. 1981: 286-300). At the very least they appear to believe 
that it applies to some important portion of human behaviors. 

Lumsden and Wilson introduce genetic variation into their model by assuming 
that a single diploid genetic locus (with two alleles) affects the probability of 
changing usage from one cultural variant to the other. Individuals who are homo¬ 
zygous for one of the alleles switch from one variant to the other with a constant 
probability of one-half. They refer to this homozygote as the “tabula rasa" geno¬ 
type. Individuals who are homozygous for the other allele have a probability greater 
than one-half of switching from the deleterious cultural variant to the favored 
cultural variant, and a probability of remaining with the favored variant that is also 
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greater than one-half. This homozygote, which they refer to as the bias genotype, 
has a genetic predisposition to learn to use the cultural variant favored by natural 
selection. Heterozygotes are assumed to be cither tabula rasa or biased depending 
on the direction of dominance. 

Based on this model, Lumsden and Wilson then go on to show that the biased 
allele will increase very rapidly in frequency. They argue for the adoption of a rule 
of thumb, which they call the “thousand year rule,*' to the effect that human 
populations which exist in the same environment for roughly 1000 years should 
have genes which cause individuals to preferentially acquire the locally favored 
phenotypic variants. Lumsden and Wilson do not explicitly apply this to the 
question of the differences between human groups, TTieir model deals with a single 
population in an unchanging environment. However, it is easy to interpret them 
(e.g. Maynard Smith and Warren, 1982) as implying that human populations that 
arc separated for more than 1000 years should be expected to be genetically 
differentiated at loci which control the learning process. 

Whatever Lumsden and Wilson might have intended, their model gives no 
justification for a general “thousand year rule.” The rapid change in gene frequency 
in their model is due to two assumptions: First, they assume that selection on the 
phenotype is extremely strong; one variant has a fivefold advantage in the gathering 
of resources. This advantage translates into fitness in a complicated way which 
nonetheless maintains a substantial difference in fitness (Maynard Smith and War¬ 
ren, 1982). Second, they assume that there is no migration between populations 
living in different habitats. We have seen that selection on the determinants of bias 
is weak unless selection is quite strong and learning quite effective. For this reason, 
generally a small amount of migration among groups will be sufficient to prevent 
the populations from differentiating genetically. From the viewpoint of our models, 
Lumsden and Wilson chose the only situation which would yield a significant 
amount of genetic differentiation between populations. 

Lumsden and Wilson's model is curious in another way. In discussing the origin 
of human cognition (pp. 329-330), Lumsden and Wilson imagine that "cosmic 
good fortune" was required to overcome the initial costs of elaborate human 
cognitive abilities. In the particular model to which we have been referring, bad 
fortune seems a more apt description. The tabula rasa genotype is assumed to 
acquire one of the two phenotypic variants at random; in effect, tabula rasa individ¬ 
uals choose their phenotype by flipping a coin. The biased genotype which bears 
the cognitive costs does only slightly better. Since Lumsden and Wilson assume a 
constant environment, a fixed genetic specification of the appropriate behavior 
would clearly be an advantage, and so would an accurate but unbiased system of 
social learning. What Lumsden and Wilson have shown is that a genetically deter¬ 
mined learning rule is superior to choosing behavior at random in an environment 
in which learning is of no utility. It seems to us that this result is not very surprising, 
and that the more interesting question is whether there are any circumstances in 
which accurate, weakly biased or unbiased social learning is superior to any 
combination of individual learning and genetic transmission. The models analyzed 
in this chapter and the last one suggest that such conditions do in fact exist (see also 
Pulliam, 1983). 
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The genes plus culture hypothesis 

The final hypothesis we consider is the genes plus culture hypothesis. Proponents 
of this hypothesis hold that the transmission properties of culture are important, and 
that, in the short run, much of the behavioral variation both between and within 
human beings is attributable to heritable cultural variation. In the long run, how¬ 
ever, this hypothesis holds that the direction of cultural evolution is determined by 
the forces of guided variation and directly biased transmission, and that the strength 
and direction of these forces vary among human populations because of genetic 
differences among them. For example, it might be supposed that one population has 
genes that predispose its members to adopt patrilineal social organization and a 
second population has genes that bias cultural transmission in favor of matrilineal 
ideology. In this way the lion's share of human behavior can be transmitted 
culturally, and at the same time the differences between human groups are ulti¬ 
mately attributable to genetic variation. 

We know of no author who has explicitly defended a genes plus culture position. 
However, this hypothesis is implicit in the work of Lumsden and Wilson. In 
Chapter 4 of their book. Genes, Mind, and Culture. Lumsden and Wilson describe 
their most general model of the process of cultural transmission. In this model they 
allow the usage rate of a particular phenotypic variant in a population to affect the 
probability that individuals will adopt that variant. This introduces a combination 
of vertical, oblique, and horizontal cultural transmission into their model. They use 
this model to explain the historical inertia of cultural evolution and the shape of the 
frequency distribution usage rates among different societies or, in their termi¬ 
nology. "the ethnographic curve." When genetic determination of the rules of 
cultural transmission is added to their model. Lumsden and Wilson almost elimi¬ 
nate any cultural transmission from it. It seems clear from their discussion (p. 286) 
that this was done for mathematical convenience (i.e. the complete model was too 
difficult to solve), and that Lumsden and Wilson see the same basic evolutionary 
process governing both the genes that bias social learning and those that bias 
ordinary learning. 

We think that the results of this chapter suggest that the genes plus culture 
hypothesis is unlikely to be correct. We considered two models of the evolution of 
genes that underlie direct bias in a spatially varying environment—one in which an 
allele for a general purpose bias competed against an allele for accurate and 
unbiased transmission (the unbiased allele) and a second in which two alleles, each 
biasing cultural transmission in favor of a specific variant, competed with an 
unbiased allele. We saw in the first model that alleles for general purpose biases 
could be favored by selection under a range of conditions. To the extent to which 
these conditions are plausible, this conclusion supports the culture plus environ¬ 
ment hypothesis. In contrast, the second model suggests that it is very unlikely that 
alleles for habitat-specific biases could outcompete an unbiased allele. When mi¬ 
gration between different habitats is weak, natural selection increases the frequency 
of the locally favored cultural variant so that biases can have little additional 
beneficial effect. When migration is strong it swamps the genetic differentiation 
that is necessary if genetically transmitted habitat-specific biases are going to be 
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effective. A similar model can be constructed for the case of guided variation, and 
it yields the same qualitative result. 


The Empirical Evidence 

The four sociobiological hypotheses outlined above suggest a variety of important 
empirical questions. Are direct bias and guided variation typically strong or weak? 
Do direct bias and guided variation typically act to increase the frequency of 
fitness-enhancing cultural variants? Is there any evidence that (here is genetic 
variation within or among groups for characters which affect direct bias and guided 
variation? These and other empirical questions must be answered before we can 
understand the role of culture in human evolution. 

In this section we consider some of the empirical evidence that bears on the 
question. How strong are the forces of guided variation and direct bias? In the 
remainder of (his book we will consider the effects of natural selection on asym¬ 
metrically transmitted cultural variation, frequency-dependent bias, and indirect 
bias. We will sec that all of these three processes may act to increase the frequency 
of cultural variants (hat have lower genetic fitness than some other variants. We 
refer to these three processes as “maladaptive.” recognizing that, while their effect 
on any particular trait may be maladaptive, it is still plausible that, taken over many 
cultural traits, they are adaptive. These maladaptive processes will be important 
only if direct bias and guided variation are weak enough to permit some characters 
to have substantial cultural heritability. 

The other questions listed are also clearly of interest. We have chosen not to try 
to address them for several reasons. First, several of them are addressed at some 
length in the sociobiological literature. We have neglected some because we arc 
less interested in which sociobiological hypothesis is most likely to be correct than 
we are in examining alternative models in which the “maladaptive" forces are 
important. Finally, the existing empirical evidence seems to us to be too flimsy to 
provide convincing answers to these general questions about the nature of guided 
variation and direct bias. 

Evidence from Ike studies of the diffusion of innovations 

Studies of the diffusion of innovations provide a useful body of data for judging the 
relative importance of strong versus weak direct bias. Modem science and tech¬ 
nology have developed a cornucopia of useful techniques and products that present 
potential users of such technology with a wide variety of choices of new cultural 
behaviors. The individual decision to adopt or not adopt proffered innovations is 
a relatively simple one. Most of the innovations that have been studied involve 
economic or health advantages, and the great expense and complexity of devel¬ 
oping the innovation have been borne by others. Often, cadres of specialists act as 
“change agents" to bring potentially useful innovation to the attention of potential 
users. The adopters need only assess the suitability of the innovation to their own 
situation and, if they choose to adopt, learn to adapt the innovation to local 
circumstances. These seem to us to be very favorable conditions for direct bias to 
be a strong force increasing the frequency of favorable innovations. 
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Rogers with Shoemaker (1971) reviewed over 1000 studies of the diffusion of 
innovations using the method of content analysis. (Also see Rogers. 1983, for a 
more recent discussion of these data.) The effect of direct bias is clearly evident in 
many of the cases they examine. The classic examples are the adoption of hybrid 
com seed and 2,4-D weedkiller by farmers in the United States. Both these inno¬ 
vations were adopted by virtually all farmers within ten years of their introduction. 
Similar rates of adoption of steel cutting implements in place of stone tools by 
aboriginal cultivators have frequently been observed. Rogers and Shoemaker also 
discussed cases in which useless innovations were effectively avoided. They (Rog¬ 
ers with Shoemaker, 1971: 139) summarized: "Almost every one of these studies 
reports a positive relationship between relative advantage [of innovations compared 
to existing practices| and their rate of adoption. Perhaps this result is so self-evident 
as to be of little surprise." Clearly, direct bias can be a potent force. 

However, much of their discussion focused on the difficulty of diffusing objec¬ 
tively useful innovations to potential users. These problems are illustrated by the 
difficulties encountered by a public health worker in Peru in an unsuccessful 
attempt to convince rural villagers to boil drinking water (Rogers. 1983: l-S). As 
obvious as the benefits to health from this practice were to the professional change 
agent, she was unable to convince villagers because her theory of disease was in 
conflict with theirs, because producing boiled water takes some effort and people 
do not like its taste, and because many of the intended adopters distrusted govern¬ 
ment workers (an indirect bias effect). A common finding of studies of the diffusion 
of innovations is that a series of such impediments have to be removed before 
adoption occurs, even for highly useful innovations. Another common finding is 
that a small group of innovators and early adopters play a big role in the diffusion 
of most innovations even among relatively sojrtnsticated people like farmers in the 
United States. Typically, early adopters are better educated, have wider social 
contacts, and are more prosperous than later adopters, who tend to acquire inno¬ 
vations simply by copying the early adopters (another indirect bias effect). 

Rogers and Shoemaker's analysis of the diffusion of innovations is consistent 
with our interpretation of the models presented in the last two chapters. When it is 
easy for individuals to evaluate the utility of innovations, direct bias and guided 
variation can be powerful forces. Innovations tend to be adopted more slowly, on 
the other hand, when they are complex, difficult to try out on an experimental basis, 
or hard to observe (Rogers. 1983: 230-232). In the case of technical innovations, 
research and development institutions bear a large fraction of the cost of evaluating 
alternative variants. Early adopters are those individuals able to bear the remainder 
of the decision-making costs, having acquired the cognitive skills to make accurate 
evaluations (better education, wider experience) and the economic resources to bear 
the costs of trials that may fail. For those individuals for whom the costs of 
exercising bias or guided variation are higher, and for innovations that require more 
effort to evaluate, people adopt innovations, if they adopt at all, by copying the 
behavior of others they respect. Later adopters usually do not use an innovation on 
a trial basis or engage in learning to adapt the innovation to their peculiar circum¬ 
stances. Very often existing tradition acts as a deterrent to innovation and only 
innovations carefully tailored for compatibility to traditional practices are success¬ 
ful (Rogers with Shoemaker. 1971: 143-154; Rogers. 1983: 223-230). The excep- 
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tional people who have a generally positive orientation to innovations include those 
with a wider circle of cosmopolitan acquaintances and quite considerable linancial 
resources to absorb the costs of risky trials 

Evidence from behavioral decision theory 

The conservative behavior of most people when confronted with innovations is 
comprehensible given our ability to make rational decisions. During the last decade 
a large literature has developed in psychology comparing actual human choice 
behavior to the normative expectations of formal theories of rationality. Recent 
reviews include Slovic et al. (1977), Nisbctt and Ross (1980), and Einhom and 
Hogarth (1981). The general conclusion of behavioral decision theory, as it is 
called, is that humans ordinarily make quite poor judgments, particularly when 
problems are novel or require statistical evaluation Decisions are made using a 
senes of rules of thumb, called heuristics, that cause individuals to fonn conlidcnt 
opinions based on inadequate or badly biased information and then hold to these 
opinions in the face of substantial disconfirming data. 

Tversky and Kahneman's (1974) influential paper describes three general classes 
of judgment heuristics—representativeness, availability, and anchoring—discov¬ 
ered in the course of choice and judgment experiments. The representativeness 
heuristic is applied to a variety of problems in which one has to judge the proba¬ 
bility of an event. Judgments of this type are often based on the resemblance of the 
event to the population from which it may have been drawn. For example, given 
a personality profile, people judge the probability that the person described belongs 
to various occupational groups on the basis of conventional stereotypes. People 
described as shy and withdrawn but helpful are judged much more likely to be 
librarians than surgeons, while for bold egotists the probabilities will be reversed. 
The representativeness heuristic u often effective in making judgments, but in the 
psychology laboratory it can be shown to lead to gross distortions relative to 
normatively appropriate techniques. 

The representativeness heuristic leads to a variety of fallacies, including: (I) 
Because people expect samples to be representative of the population from which 
they are drawn, their inferences are erroneously insensitive to sample size and 
reliability of data. This causes people to make confident predictions on the basis of 
normatively insufficient data. (2) The representativeness heuristic causes the nature 
of chance events to be misconceived. If someone has a run of bad luck, most people 
think his luck is “due" to change because it must do so if the sample is to be 
representative of the population, even though normative theory holds that future 
trials are independent of past events (3) The effect of regression to the mean is 
poorly appreciated because people expect each event to represent the process that 
gives rise to it. 

People commonly use the ease with which instances or occurrences of an event 
can be brought to mind to estimate its probability. Kahneman and Tversky label this 
the “availability heuristic.” Often effective, it gives rise to errors when the avail¬ 
ability of information in memory does not correspond to the real frequency of 
events. Nisbett and Ross (1980) give many examples of this effect. Personal 
observations or reports of friends about products such as autos are given much more 
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weight in decision making than pallid statistical information of much greater objec¬ 
tive value. Correlations between events are often misjudged because co¬ 
occurrences are easily remembered, whereas other combinations, especially joint 
nonoccurrences, are hardly ever taken into account. Virtually any laboratory ma¬ 
nipulation of attentional factors changes subjects* causal interpretations of experi¬ 
mental events, and so forth. 

Anchoring heuristics involve the use of some starting point to think about a 
problem, followed by adjustments on the basis of further observations about the 
problem. Typically, the adjustments made are far too conservative. Nisbett and 
Ross (1980: Chap. 8) devote considerable attention to what is perhaps the most 
serious consequence of the anchoring heuristic, people's resistance to evidence 
discrediting their causal theories about particular processes. Having argued earlier 
that causal theories are often inappropriately mobilized by the availability and 
representativeness heuristics (Chap. 6). they discuss the striking tendency of judges 
to stick with inappropriate theories in the face of discontinuing evidence. They 
describe several expenments in which subjects were led to form causal hypotheses 
about some events, such as an occupational outcome (success as a firefighter), and 
some predictive variable (risk preference assessed on a wnuen test). Typically two 
groups of subjects are encouraged to acquire opposite theories about the re¬ 
lationship in question (It is easy to believe that the dangerous nature of a fireman's 
job requires either extra caution or a bold approach.) Then the experimenters 
discredit the information subjects received dunng a debriefing session. Typically, 
however, both groups of subjects show a marked tendency to cling to the erroneous 
belief they have formed, whatever it is. in the face of substantial efforts to discredit 
its evidential basis. More generally, people seem to form causal beliefs on slender 
evidence, and subsequently remember and use confirming instances to reinforce the 
belief while forgetting or discrediting discontinuing evidence. 

The behavioral decision theory literature is now quite large, and paints a depress¬ 
ing picture of human decision-making abilities. Is there any possibility that this 
portrait is overdrawn? After all, most people in the real world do solve complex 
problems and behave competently in their everyday lives. Somehow the generally 
successful and appropriate actions people take in the real world must be reconciled 
with their failure in the laboratory. First, one wonders if the bias effects are a 
laboratory artifact not exhibited routinely in real world decisions. This seems not 
to be the case. Nisbett and Ross (1980: 251) reply to this criticism by noting that 
laboratory experiments usually present simplified versions of real-life decision 
tasks. For example, data are usually supplied in a form that does not tax memory 
or require judgments about the pertinence or quality of the numbers given. They 
argue that laboratory tasks should show human decision making at its best. Slovic 
et al. (1977: 19) summarized field studies on predictive tasks: “(a) Experienced 
weather forecasters, when performing their customary tasks, are excellently cali¬ 
brated. (b) Everybody else stinks." Second, it could be that the normative statistical 
models with which intuitive judgments are compared are themselves flawed with 
respect to the problems people actually have to solve. There is probably some truth 
to this proposition. Einhom and Hogarth (1981) note that the tendency of decision 
makers to be insufficiently regressive by normative statistical standards is only a 
fair comparison if the statistics available are representative of a stationary process. 



In a progressively changing world, extreme, nooregressive predictions may well be 
warranted. Still they summarize: “To consider human judgment as suboptimal 
without discussion of the limitations of optimal models is naive. On the other hand, 
we do not imply that inappropriate optimal models always, or even usually, account 
for observed discrepancies.'* (See also Nisbett and Ross. 1980: 265.) 

It seems relatively clear that human decision making is ordinarily successful, not 
because we really follow sophisticated rules for making decisions, but because of 
other effects that impinge on realistic decisions. Nisbett and Ross (1980. Chap. 2) 
list three important ones: (1) Although judgment heuristics are quite fallible, they 
are far from useless and they are inexpensive. Given the number of decisions a 
person makes in a lifetime and the cost of following normatively appropriate 
strategies, it is unreasonable to expect a close approximation to formal scientific 
methods of judgment. (2) Many domain-specific cues and causal models are ac¬ 
quired culturally. Even when these theories or behavioral norms are inappropriately 
justified, they may often be quite utilitarian. Further, individuals often defer to 
experts who have acquired a body of culturally transmuted insights relevant to 
particular problems (3) Many problems are solved collectively so that individual 
errors are reduced. 

We think that behavioral decision theory provides several kinds of evidence 
about the strength of direct bias and guided variation. 

1. The fact that individual human beings are not very good at solving novel 
problems, or ones requiring statistical evaluation, suggests that complex cultural 
adaptations are unlikely to be the result of individual learning alone. Many of the 
most interesting human adaptations have advantages that are only of a statistical 
nature Consider how hard it is to evaluate whether a particular diet or mode of 
building construction is beneficial. Given the limits of human cognition described 
by behavioral decision theorists, it seems much more reasonable that individuals 
should, at most, make minor improvements to what they have acquired culturally. 

2. The fact that strong beliefs are based on small and/or biased samples means 
that the decisions to adopt cultural variants will be very noisy; mere chance will 
cause different individuals to choose different variants in the same environment. 
Thu in turn suggests that guided variation and direct bias will often be weak. 

3. The fact that beliefs are extremely resistant to change, even in the face of 
overwhelming evidence, also provides direct evidence that the forces due to direct 
bias and guided variation are weak. 

We think these conclusions support our interpretation of the model results on 
direct bias and guided variation. For a broad class of behavioral alternatives, 
individual decision makers are unable or unwilling to make costly choice efforts. 
Rather, they combine low-coat bias and guided variation with a considerable 
reliance on culturally transmitted anchors for behavior. In theory, and apparently 
in practice, this is the rational way to take advantage of a cultural system of 
inheritance. When this is the case the dynamic properties of cultural transmission 
may be important. 

Conclusion 

The sociobiologicaJ hypotheses are of great importance because they provide a 
standard against which to judge other theories of cultural evolution. Any satis- 
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factory account of culture in humans must tell us kow posited structures of Cultural 
inheritance arose during the course of organic evolution. Sociobiologists assume 
that, like other forms of phenotypic plasticity, social learning should generally act 
to increase genetic fitness. Within the framework of dual inheritance theory, this 
means that the guiding criteria which govern guided variation and direct bias have 
been (and are being) shaped by natural selection so that these forces favor gen¬ 
etically advantageous traits. To be sure, they aver, humans like other animals often 
make mistakes; bias and guided variation sometimes increase the frequency of 
deleterious cultural variants. However, there is no reason to suppose that under¬ 
standing phenotypic variation in humans should present any fundamentally new 
problems. In particular, the dynamics of cultural transmission and evolution can 
safely be ignored. 

We believe it is unlikely that this will be true for all or even most human 
behavioral variation. If the forces of bias and guided variation are strong, then there 
will be little heritable cultural variation and therefore cultural transmission will be 
of little importance. If they are not. the dynamics of cultural transmission will be 
important. In this chapter we have reviewed the evidence that native human 
decision-making inclinations and abilities, unaided by culturally inherited problem¬ 
solving techniques, are quite modest. In Chapter 3 we reviewed the evidence that 
many important cultural traits exhibit substantial cultural inertia in the face of 
substantial environmental change. These findings are hard to reconcile with the 
action of strong direct bias and guided variation. 

When direct bias and guided variation are weak, other forces can come into play. 
We have already seen in the last two chapters that natural selection acting directly 
on cultural variation can play an important role in cultural evolution. Chapters 7 and 
8 present evidence that the forces of frequency-dependent and indirect bias can have 
novel effects. It will not do to ignore the effects of cultural transmission until we 
understand how these subtler forces work. We turn to this task in the next three 
chapters. 



6 

The Natural Selection 
of Cultural Variations: 

Conflicts between Cultural 
and Genetic Evolution 

1 may uke this opportunity of remarking that my critics frequently assume that 
I attribute all changes of corporeal structure and mental power exclusively to 

even in the first edition of the "Origin of Species." I distinctly stated that great 
weight must be attributed to the inherited effects of use and disuse, with respect 
both to the mind and body, 

Charles Darwin. Tht Dtscem of Man (1874), 
Preface to the Second Edition 


Darwin's theory of evolution has survived the 100 or so years since his death 
remarkably intact. Darwin's view that the main driving force in evolution is the 
gradual accumulation of small changes by natural selection still dominates modem 
evolutionary thinking, and even many of Darwin's analyses of specific evolutionary 
problems, such as sexual selection, have been recently "rediscovered" after a 
period of confusion and neglect (see Ghiselin. 1969). From the modem perspec¬ 
tive, Darwin was guilty of only ooe really major error throughout his life he 
insisted that the inheritance of acquired variation commonly occurred in nature and 
was fully compatible with his theory of evolution by natural selection. We now 
know that with the exception of cultural species the inheritance of acquired vari¬ 
ation does not occur in nature, and the modem neo-Darwinian theory of evolution 
takes this fact as ooe of its central premises. Nowadays, the view (hat the trans¬ 
mission of acquired characters does occur is usually associated with mystical or 
orthogenetic views of evolution which hold that forces other than natural selection 
are important in shaping the direction of evolutionary change (e.g. Koesller. 1971). 

Only relatively recently has Darwin's idea of evolution by natural selection been 
associated with the genetics of Mendel and Weismann. During the first two decades 
of this century, evolutionary biology was divided into two warring camps. In one 
were the "biometrkians." led by W. F. R. Weldon, and in the other were the 
"Mendelians." represented by William Bateson. The biometricians believed that 
evolution proceeded via the natural selection of very small phenotypic differences 
in quantitative characters. Pearson developed a mathematical theory of the effect 
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of selection on multivariate quantitative characters (Pearson, 1902) that closely 
parallels the recent model of Lande (e.g. 1979), and an ingenious (although incor¬ 
rect) theory of inheritance based on the notion that variation was maintained by the 
transmission of what modern biologists would call "environmental variation” (Pear¬ 
son, 1901). The biometricians rejected Mendelism because they believed that it 
entailed large discontinuous changes in phenotype, and they considered this to be 
incompatible with the Darwinian theory of evolution by natural selection. In con¬ 
trast, the Mendelians embraced the existence of Mendelian genetics in part because 
they (incorrectly) believed that it was impossible for natural selection to create 
major phenotypic change through the accumulation of small variations. For them 
evolution proceeded via a scries of "hopeful monsters.” It was not until Fisher 
(1918) and Wright (1921) showed how Mendelian inheritance and quantitative 
variation could be reconciled that Darwinism and Mendelism could be brought 
together in a single theory, and perhaps two more decades passed before this 
synthetic theory of evolution came to dominate in biology. (See Provine, 1971, for 
a discussion of this controversy.) 


Th* natural stUction of cultural variations 

We have reviewed this bit of the history of biology because we think it illustrates 
that there is no necessary logical association between Darwin's idea of evolution 
by natural selection and the particular features of genetic inheritance. There are two 
necessary conditions in order for natural selection to operate: (I) There must be 
heritable variation in phenotype. (2) Phenotypic variation must be associated with 
variation in individual survival and reproduction. 

Whenever these two conditions are satisfied the phenotypic variants that have the 
highest probability of being transmitted to the next generation will tend to increase 
in number. We showed in Chapter 3 that cultural transmission creates heritable 
phenotypic variation To demonstrate that natural selection is a force in cultural 
evolution, we must still show that individuals characterized by alternative cultural 
variants differ in their probability of surviving and becoming effective models. 
Later in this chapter we will present empirical evidence that this is indeed the case. 

The fact that both genetic and cultural variation are subject to natural selection 
does not mean that selection will favor the same phenotypic variants regardless of 
the mode of transmission. When two inheritance systems have asymmetric life 
cycles, selection may favor different phenotypic variants. We will see that for some 
cultural traits, for example, those transmitted at an early age from parents to 
offspring, the cultural variants that arc favored by selection will be very similar to 
those that would be favored if the trait were transmitted genetically. For example, 
culturally transmitted food preferences may affect the survival and fecundity of 
individuals, and selection will favor the variants that provide the best nutrition in 
the local habitat. In this case the life cycle of cultural transmission is very similar 
to that of genetic inheritance. However, for other cultural traits the life cycles of 
cultural and genetic transmission may be quite asymmetric, and as a result, the 
kinds of traits that have the highest probability of being transmitted to the next 
generation may be quite different from those that maximize genetic fitness. For 
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example, career goals 
raising a Urge family. 

In this chapter we analyze the effect of natural selection on culturally inherited 
aspects of behavior. We begin by distinguishing selection from the force of guided 
variation and the forces that arise from biased transmission. Next, we review 
empirical evidence that suggests that individuals characterized by different variants 
of some cultural trails differ in their probability of successfully completing the life 
cycle necessary for the transmission of those traits. We analyze a model of the 
interaction of asymmetric cultural transmission and selection which will more 
clearly demonstrate the effect of asymmetry. Finally, we consider how genetically 
transmitted modi hen of the cultural life cycle might evolve. While there is a 
general tendency for selection to favor symmetric life cycles, it is easy to imagine 
plausible circumstances in which the evolutionary equilibrium is an asymmetric 
system of cultural transmission. We conclude the chapter with a possible empirical 
example of this effect. 


Distinguishing 


selection from other forces 


Biologists tend to apply the term “selection" to any process which (1) depends on 
heritable variation in phenotype and (2) leads to systematic, directional change in 
(he frequency of different phenotypes in the population. A similarly inclusive 
terminology could be employed here for culture, and. indeed. Cavalli-Sforza and 
Feldman (1981) have applied (he term "cultural selection" to what we have called 
directly biased transmission. We have elected to adopt a different terminology in 
which we distinguish three classes of directional forces: the force of guided vari¬ 
ation. the forces due to biased transmission, and natural selection 

Distinguishing natural selection from the force of guided variation is relatively 
straightforward. The force of guided variation results from the cultural transmission 
of the results of learning and acts to increase the frequency of traits that best satisfy 
the learning criteria. Selection changes the frequency of different variants in the 
population by culling some variants but not others. This causes the strength of 
selection to depend on (he amount of variation in the population. In contrast, 
because learning creates new variants, the effect of (he force of guided variation on 
the mean phenotype in the population is independent of the amount of variation in 
the population. (See Eq. 4.11 and the preceding text for a more complete dis¬ 
cussion.) Thus, the force of guided variation lies outside even the inclusive 
definition given above. 

The distinction between selection and the forces due to biased transmission is 
more subtle. Like selection, biased transmission is a culling process that depends 
on the variation present in the population. Indeed, the closest biological analog to 
directly biased transmission is meiotic drive, a process which is usually categorized 
as a kind of natural selection operating at the gametic level. The distinction between 
selection and bias is based on the mechanism (hat is responsible for the culling 
process. We have defined biased transmission in terms of transmission proba¬ 
bilities. The culling of different cultural variants that occurs during biased cultural 
transmission results from the choices of individuals, particularly those made by 
naive individuals when exposed to modeling events. As we have emphasized, this 
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means that biased transmission depends for its action on external criteria of de¬ 
sirability. We will use selection to refer to all the things that happen to an individual 
because it performs a given behavior, and that, in turn, affect the probability that 

the individual will be available as a model for naive individuals. No external 
criterion is required to produce the effects of selection. Rather, two alternative traits 
performed in the same environment need merely have differential effects on the life 
chances of the individuals that perform them. 

We believe that it is worthwhile to make this distinction because natural selec¬ 
tion and bias have different roles in the explanation of culturally transmitted 
adaptations. A model of cultural evolution which involves bias forces alone cannot 
account for the origin of an adaptation unless an explanation can be provided for 
how the biases themselves arose. In contrast, the natural selection of cultural 
variations is an autonomous force that does not depend on any external criteria. 
Given the existence of a system of social learning and a pattern of social life in 
which some individuals are more likely to be models than others, the natural 
selection of cultural variations will necessarily occur. As we shall see, under some 
circumstances this process can act to increase the frequency of variants that are 
maladaptive in terms of genetic fitness 

Empirical Examples 

For natural selection to change the frequency of different cultural variants, individ¬ 
uals characterized by some cultural variants must be more likely to become cultural 
parents than individuals characterized by other variants. In this section, we examine 
three empirical examples. In each of these examples the data indicate that: (1) 
Individuals characterized by different variants of the culturally transmitted trait 
have different probabilities of becoming cultural parents; that is. there is selection 
of cultural variation. (2) There is reason to believe that forces of biased trans¬ 
mission and guided variation are weak compared to selection because the traits 
seem to be transmitted without much choice or because it is difficult to believe that 
people are aware of the consequences of their behavior. 

We do not claim that these examples constitute proof of the importance of 
natural selection on cultural variation. However, we do believe they demonstrate 
that the natural selection of culturally transmitted variations could be an important 
force in cultural evolution, and that models which focus upon the effects of natural 
selection of culturally transmitted variations are as deserving of scientific attention 
as the ones which focus on guided variation and biased transmission. 

Cultural variation for mortality and fecundity 

Rates of mortality and fecundity- are the basic stuff of ordinary Darwinian (genetic) 
fitness. When cultural transmission is symmetric, mortality and fecundity are also 
directly related to cultural fitness. However, since an individual must ordinarily 
survive long enough to occupy the social roles that are effective in horizontal and 
oblique transmission, mortality rates also affect cultural fitness when the cultural 
life cycle is asymmetric. For example, elderly people have important leadership 
roles in many human societies. All ocher things being equal, cultural variants that 
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promote longevity are likely to be favored in such societies over variants that lead 
to early death. 

Demographers have collected a considerable amount of data that indicate that 
culturally transmitted traits affect fecundity and mortality (for genera) reviews, see 
United Nations, 1973; Petersen, 1975; Weller and Bouvier, 1981). These data 

show fecundity and mortality vary as a function of nation, class, socioeconomic 
status, ethnic group, religious affiliation, and so forth, and that culturally trans¬ 
mitted traits affect many behaviors related to fecundity and mortality, including 
subsistence production and public health, the details of age at marriage, desired 
family sire, and access to personal health care. Therefore, it seems very likely that 
different cultural variants frequently have different fitnesses 

The effect of religious beliefs on fecundity and mortality provides a particularly 
good example. Demographers have shown that measures of religious affiliation are 
strongly correlated with fecundity and mortality. The effects of religion on fecun¬ 
dity and mortality seem to be clearly linked to culturally transmitted information: 
religious beliefs frequently vary in their teachings about the desirability of children 
and about the use of health-impairing substances like alcohol, tobacco, and drugs. 
Some religions (e.g. The Church of Jesus Christ of Latter-Day Saints) preach both 
prenatal ism and abstention. Others (eg. the liberal Protestant churches of the 
United States) have no objection to birth control or moderate use of alcohol. As we 
saw in Chapter 3, parent-offspring similarities for religion are quite strong. Further, 
few religious conversion decisions are likely to be made in order to increase fertility 
or decrease mortality, at least oatensibly Thus, there is a chance that a major 
component of the generation-to-generation increase or decrease in one religious 
doctrine relative to another is due to natural selection of vertically transmitted 
cultural variation, episodes of mass conversion or mass apostasy aside. 

How strong are these effects? Janssen and Hauser (1981) conducted a reasonably 
well controlled study of fertility among Catholics and non-Catholics. They present 
longitudinal data from a large sample of men and women living in Wisconsin, in 
which the effects of current and background religion and various measures of 
education and socioecooomic status were analyzed using multiple regression tech¬ 
niques. Current religion had a stronger statistical effect than background religion. 
Catholic men and women could both be expected to have about 0.5 more children 
than non-Catholics. primarily because Catholics were more likely to have a third 
or fourth child than were non-Catholics. Since the mean number of children for 
males was 2.6 and for females 2.9 (in the total sample of roughly equal numbers 
of Catholics and non-Catholics), this fertility difference represents quite strong 
natural selection, assuming no countervailing effects on mortality. The data also 
indicate that the effect of bias was much weaker. Although 11.6 percent of the 
sample changed religions between high school and adulthood, the Catholics and 
non-Catholics gained and lost nearly equal amounts. The Catholic group increased 
slightly (2.5 percent) as a net result of conversions. 

The effects of religious beliefs oo mortality rates can be as striking as their 
effects on fertility. Middle-class Protestant sects with strongly abstemious doctrines 
like the Seventh-Day Adventists and the Latter-Day Saints show much lower 
age-specific death rates than comparable groups outside these sects. For example, 
McEvoy and Land (1981) report age-adjusted mortalities for members of the 
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Reformed Latter-Day Saints Church of Missouri about 20 percent below the rate 
expected from control populations. In their study, death rates for Latter-Day Saints 
members were especially low for lung cancer, pneumonia'influenza. and violent 
death (including automobile accidents), categories that might be expected to be 
lower if the clean-living doctrines of the Mormons were being followed. 

There is also evidence that religious affiliation actually does affect behavior. 
Jensen and Erickson (1979) report data on juvenile delinquency from Tucson, 
Arizona. Their sample included Catholics. Protestants, and Mormons who filled 
out anonymous questionnaires regarding the number of delinquent acts committed. 

Religious belief, extent of religious activity, and attendance at services were nega¬ 
tively correlated with most types of delinquent behavior, but the most consistent 
correlations were for drinking and marijuana usage. There were also significant 
differences between the denominations. In particular, Mormon youths reported 
significantly less drinking and smoking, as might be expected from church doc¬ 
trines. Interestingly enough, in this study the strongest effects observed between 
religious and nonreligious individuals, and among denominations, were for 
''victimless" delinquency. Crimes against people and property showed weaker 
effects of religion. McEvoy and Land infer that these and other findings indicate 
the specific doctrines preached by a given denomination are associated with specific 
behavioral outcomes. 


Food prtfertnees 

Certain variations in food preferences between human groups may result from the 
natural selection of cultural variations. The evolution of human diets is almost 
certainly affected by genetically transmitted biases that make some foods taste good 
(Lumsden and Wilson, 1981: 38-43). In addition, it seems clear that people tend 
to base their cuisine on crops that are easily grown in the local environment. 
However, there are many dietary practices that are difficult to explain on the basis 
of these kinds of directly biased transmission. Many dietary variations, such as the 
highly variable addition of various pungent spices to food, seem to be acquired 
tastes that are incorporated into diets even though they are distasteful to the unini¬ 
tiated. More important, some of these dietary practices seem to be beneficial 
adaptations; they have subtle, long-term effects that increase fitness. Because these 
beneficial effects are often not closely related to the way different foods taste and 
because they are often quite difficult to assess, even with the resources of modem 
science, it is not obvious that they are the result of biased transmission or guided 
variation. It seems at least as plausible to suppose that these items have reached 
high frequencies in some societies because they are favored by natural selection 
acting on cultural variation. 

Solomon H. Katz and his associates have studied several traits affecting food 
consumption and preparation that plausibly occur because of selection rather than 
bias. The most convincing example is fava bean consumption in the circum- 
Mediterranean region (Katz and Schall, 1980). Fava beans are widely cultivated in 
this region, despite the fact that they cause a severe, often fatal disease called 
"favism” in certain sensitive individuals. The sensitive individuals are those who 
have the X-linked gene for glucose-6-phosphate dehydrogenase (G-6-PD) enzyme 
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deficiency, which in turn is in high frequency in many circum- Mediterranean 
populations because it apparently confers resistance to malaria Katz originally 
hypothesized that populations with high frequencies of G-6-PD deficiency would 
exhibit the lowest use of fava beans. However, fava bean consumption actually is 
highest in those populations with the highest frequencies of G-6-PD deficiency. A 
great variety of cultural beliefs have developed regarding fava beans during the long 
period of their use in this region. Despite some recognition that they can have 
harmful effects, fava beans continue to be eaten. This is especially curious since 
there is no evidence that fava beans are more nutritious or easier to cultivate than 
a number of alternate legume crops. 

Katz and his colleagues present evidence that fava consumption is adaptive in 
malaria prone regions because the bean contains compounds that confer resistance 
to malaria on individuals not protected by G-6-PD deficiency, and that this advan¬ 
tage compensates for the occurrence of favism in sensitive individuals. If this 
hypothesis is correct, it is difficult to imagine that the consumption of fava beans 
has been increased by direct bias or guided variation There is no evidence that 
those who cat fava beans understand the biological complexities involved or have 
specific genetic biases (e.g. a distaste for the beans among G-6-PD deficient 
individuals). Indeed. Katz’s hypothesis is not yet completely convincing, despite 
the application of considerable effort, a testimony to the difficulty of applying 
biases in complex cases. 

A plausible hypothesis is that natural selection is acting on the cultural trait of 
fava bean consumption much as it is acting on the G-6-PD locus. Individuals 
characterized by beliefs that lead them to consume fava beans had a higher proba¬ 
bility of surviving to adulthood and becoming cultural parents for the next gener¬ 
ation than individuals who did not consume fava beans. The use of plant foods high 
in secondary compounds of presently unknown or poorly understood effects is 
widespread in human cuisines. Natural selection for such preferences could be an 
important phenomenon. 


Selection and asymmetric transmission 

Only parents can transmit genes. Individuals occupying a variety of other social 
roles—grandparents, siblings, heroes, teachers, people with high prestige—may be 
involved in cultural transmission. When this is the case, we say that transmission 
is asymmetric. Selection will act on asymmetrically transmitted cultural variation 
if (I) there is competition to occupy the roles that are effective in such transmission 
and (2) individuals characterized by some cultural variants are more often winners 
in this competition than individuals characterized by other variants. In the next 
section we will consider a model of the important effects of selection on asym¬ 
metrically transmitted variation in more detail. 

We think that the spread of the skills and values characteristic of modem 
industrial society, first within the European West and now to the modernizing Third 
World, provides one example of the effects of selection on asymmetrically trans¬ 
mitted cultural variation. To make a case for this hypothesis we must show that (1) 
cultural variation for the traits involved in industrial roles exists and is. in part at 
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least, transmitted asymmetrically and (2) some variants are disproportionately 
successful in competition for social roles effective in horizontal and oblique trans¬ 
mission. 

To simplify what must in reality be an extremely complex example of cultural 
evolution, we will focus our discussion on a few traits. Let us first consider a trait 
which psychologists refer to as •'cognitive style." Cognitive style is measured by 
a number of different tests. The embedded figures test is typical. Subjects are given 
a number of cards with complex geometrical forms which have simpler reference 
forms embedded in them. The task is to find the simple form concealed in the more 
complex one. A person's degree of “field independence" is scored by measuring the 
time required to complete a number of such tasks The theory behind the mea¬ 
surement holds that the degree of field dependence is a measure of a fundamental 
attribute of cognition, the ability to analyze problems by dividing them into artic¬ 
ulated parts (field independent) as opposed to the ability to interpret complex 
patterns as a whole (field dependent). 

These measures of cognitive style are interesting in the context of modernization 
because traditional agricultural societies and Western industrial societies apparently 
differ in the average amount of field dependence. There is a large body of cross- 
cultural data about the occurrence of different variants and their correlates. (For 
reviews, see Berry, 1976; Wilkin and Berry, 1975; Werner, 1979; and Witkin and 
Goodenough, 1981.) These data indicate that high field independence is found in 
two otherwise sharply contrasting groups: loosely organized, nomadic food¬ 
foraging peoples and the middle class of industrialized societies, including the 
modem elites of the Third World. Members of tightly organized, strongly author¬ 
itarian. hierarchical agricultural societies tend to score on the field-dependent end 
of the dimension. The members of the working class of industrial states exhibit 
lower field independence than members of the middle class. 

Cognitive style, as measured by such tests, is correlated with a number of other 
psychological attributes. The most interesting correlate for our purposes is its 
relationship to social behavior. The data show that field-dependent individuals are 
more sensitive to social cues than field-independent ones. As a result, 
field-dependent people reach cooperative agreement with others more easily and are 
less individualistic and competitive in social situations than the field-independent 
individuals (Werner. 1979: 186). 

Witkin and Berry argue that different ecological and sociological situations favor 
different cognitive styles. The tasks of food foragers and of the occupants of 
managerial and entrepreneurial roles in industrial societies require a good deal of 
independent, analytical evaluation of problems, while traditional agricultural soci¬ 
eties require close cooperation and deference to authority. Studies quite outside the 
research tradition of Witkin and Berry give a similar picture of the relationship 
between role demands and values, at least among occupational classes in industrial 
societies (Kohn, 1981). 

It is reasonable to infer from these data that the industrialization or mod¬ 
ernization of an agricultural society of the pre-industrial West or of a contemporary 
Third World society involves, among other things, an increase in the proportion of 
the population scoring high on field independence. Could the hypothesis of asym¬ 
metrical transmission and selection fit the observed patterns? 
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1. Heritable cultural variation for cognitive style exists. The observed variation 
in cognitive style within societies is fairly substantial (Berry, 1976: 150). The fact 
that parental rearing practices are correlated with cognitive styles in children sug¬ 
gests that vertical transmission of cognitive style is important. Rearing styles that 
are warm and encourage children’s independence are associated with 
field-independent cognitive styles, while styles which emphasize punishment and 
close conformance to social norms are associated with field dependence (Werner, 
1979: 180-181). There is also good evidence that asymmetric transmission is 
effective in the transmission of cognitive style. Acculturation and, in particular, 
formal schooling have been shown to affect the degree of field independence 
(Berry, 1976; Werner. 1979: 184). School, work experience, and an exposure to 
mass media generally appear to be less important than parental influence but are 
nonetheless significant. 

2. Variation for cognitive style is associated with differential success in achiev¬ 
ing social roles effective in horizontal and oblique transmission. Cognitive style 
was first investigated in Western societies where high field independence is associ¬ 
ated with middle-class status. Witkin and Beny's adaptation hypothesis has grown 
out of these and similar data from modernizing situations. The independent, anal¬ 
ytical, competitive individualism of those who score high on field independence 
suits them for success in school, and school success is closely correlated with 
subsequent job status (Jencks et a!., 1972). 

These data suggest the following hypothesis to explain the increase in field 
independence with modernization: (I) A modernizing agricultural society begins 
with a population scoring low on field independence, but with considerable vari¬ 
ation. (2) In the modernizing situation, the field-independent individuals are more 
likely to do well in school and subsequently to become teachers, business owners 
or managers, bureaucrats, and so on. Old elite roles favoring more field-dependent 
cognitive styles become, at least proportionately, less important. (3) The new 
field-independent elites transmit (heir values and skills to some extent horizontally 
and obliquely to their employees and pupils Other traits, including disposition 
toward innovation and job aspirations, are also expected to be transmitted in the 
same way. 

The models developed in the next section indicate that selection on asym¬ 
metrically transmitted variation can be a very powerful force, even when rates of 
horizontal and oblique transmission are modest, as long as the competition for 
access to the roles effective in this transmission is severe and selective. Thus it is 
plausible that the hypothesized mechanism could lead to rapid increase in the 
frequency of the variant of field independence. 

Models of Natural Selection 

The evidence cited in the previous section suggests that culturally transmitted traits 
may often be subject to natural selection. In order to understand how natural 
selection affects the frequency of different phenotypic variants in a population, we 
will analyze several simple models of the natural selection of cultural variation. 
When the life cycle of cultural transmission is symmetric to genetic transmission. 
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these models can be borrowed directly from population genetics. We have already 
analyzed such models of the natural selection of culturally transmitted traits in 
Chapters 4 and 5. As we shall see, however, asymmetric cultural life cycles lead 
to effects that are not present in conventional genetic models. 

A dichotomous trait with a symmetric life cycle 

We will begin by adding selection to the very simple model of the vertical trans¬ 
mission of a dichotomous cultural trait introduced in Chapter 3. Suppose that a 
dichotomous trait is acquired culturally from the genetic parents at an early age. 
This trait takes on two variants, c and d. The frequency of the variant c in the pool 
of cultural parents is p. In Chapter 3, we showed that if the transmission rule is 
linear and if the formation of sets of cultural parents is nonseleclivc, then the 
frequency of the cultural variant c is unaffected by cultural transmission. Let p' be 
the frequency of c in the population just after cultural transmission in the neat 
generation. Then 

p' - p (6.1) 

Now we add an episode of natural selection. Suppose that individuals character¬ 
ized by different cultural variants differ in the probability that they become parents. 
For example, the cultural trait might be one of the practices discussed above that 
affects individual survivorship, and individuals with one variant are more likely to 
survive to adulthood than individuals characterized by the other variant. It also 
might be that the cultural trait affects the ability of an individual to acquire the 
wealth and social position necessary to many and have children. Let the probability 
that an individual with cultural variant c becomes a parent be and that for 
individuals with variant d be W*. We will refer to V< and W, as the “cultural 
fitnesses" of the variants c and d. In this case the cultural fitnesses of the variants 
arc identical to their Darwinian or ordinary reproductive fitnesses, but this will not 
always be the case. (As in Chap. 5. we restrict attention to viability selection for 
simplicity.) 

We now want to calculate the frequency of the variant c in the pool of parents, 
that is, after selection takes place. Suppose that the size of the entire population 
before selection is a large number. N'. Then the number of individuals with variant 
c in the pool of parents, NT. is 

/ Probability a c \ /Total number of c\ 

N’ — I individual ] x I individuals 

\ becomes a parent/ \ before selection / 
or 

N; - m X (p’N*> (6.2) 

Similarly, the number of individuals characterized by the variant d, NJ. is 

(6.3) 


n; - W/l - p')N' 
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The fraction of parents with the cultural variant c. p", is simply 


t 


n: 


n; + n: 


(6.4) 


Now we can use Equations 6.1. 6.2. 6.3. and 6.4 to write the frequency of the 
variant c during one generation, p". as a function of the frequency of c among 
parents of the previous generation: 


P'" 




(I - pW ♦ pW. 


(6.5) 


To get an intuitive feeling for what this recursion means, consider Figure 6.1 where 
we have plotted the change in the frequency of c over one generation, 
Ap - p' - p. as a function of p. First, notice that Ap is either positive for all 
values of p or negative for all values of p. Furthermore, it is positive if V*(/W* > I. 
This means that the frequency of c always increases if \A£ > W 4 and decreases if 
W« < In other words, the cultural variant with the highest cultural fitness 
increases. Also notice that the magnitude of Ap is largest for p - $ and approaches 
zero as p approaches zero or one. This illustrates the fact that the action of selection 
depends on there being variability in the population. The variance of the phenotypic 
values (assigning a phenotypic value I to c and 0 to d. as in Chap 4) is p( 1 - p), 
which is a maximum at p - 1 and zero at both of the boundaries. 


FI*. 6.1 The 
function of p When the 
W*. Ap is positive for , 



c. W.. is 


of the alternative variant. 


of p. When negative for all values of p. 


The parent-teacher model 

So far we have assumed that parents cnculturate their children and that no other 
unrelated individuals are available to the naive child as models. Thus (as long as 
opportunities for extramarital reproduction are negligible), the phenotypic variants 
favored by selection acting on culturally transmitted variation arc the same as those 
that would be favored if the trait were genetically transmitted However, as we have 
seen, the empirical evidence suggests that for some traits, particularly those that 
typically are acquired at a later age. individuals other than the genetic parents are 
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important in socialization. When this is true the effect of selection on the frequency 
of the different variants in the population is more complicated, and. under some 
circumstances, it can favor different phenotypic variants than would be favored if 
the trait were genetically transmitted 

To understand how this can happen we generalize the simple model analyzed 
above to include the possibility that individuals other than the genetic parents are 
important in enculturatioo. We accomplish this in two stages: first, we consider a 
very simple model in which children are enculturated by two kinds of individuals, 
their parents and teachers. The parent-teacher mode) allows us to understand the 
basic effect of asymmetric life cycles in the context of a very simple model. Then 
we analyze a more general multiple-parent model. 

Once again we consider the evolution of a dichotomous cultural trait with two 
variants, c and d. In the parent-teacher model, we assume that for this trait each 
naive offspring is enculturated by two individuals, one of his genetic parents, say 
the mother, and a teacher. We suppose that cultural transmission proceeds accord¬ 
ing to the linear rule given in Table 6.1, that is. the parent has weight A and the 
teacher ! - A. 


Table 6.1 The conditional probabilities of acquiring cultural variants c and d given 
the cultural variants that characterize the parent and the teacher 


Parent 

Teacher 

Probability Thai Offspring 

Acquires Cultural Variant 
c d 

c 

c 

1 

0 

c 

d 

A 

1 - A 

d 

c 

1 - A 

A 

d 

d 

0 

1 


As in the previous model, we suppose that individuals characterized by the two 
different cultural variants have different probabilities of becoming a parent. The 
probability for variant c is W ( and for variant d. W«. We also suppose that individ¬ 
uals with different cultural variants have different probabilities of becoming teach¬ 
ers. Let 0, be the probability that an individual with the variant c becomes a 
teacher, and ft* the probability for individuals characterized by variant d. This 
means that there are two different, potentially conflicting, cultural selection pro¬ 
cesses. One process selects among individuals allowing some to become parents 
and thereby enculturate children, and a second process selects individuals who will 
become teachers and also be in a position to enculturate children. 

To determine the kinds of phenotypes that result from this kind of selection 
process we will derive a recursion for the frequency of the cultural variant c. Let 
p be the frequency of c among offspring just after cultural transmission. First we 
want to compute the frequency of c among parents and teachers. From the sym¬ 
metric model, the frequency of c among parents, p', is 
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By analogy the frequency of the cultural variant c among teachers, p*. must be 




(1 - p»n. - pa <6 - 7) 

in the neat generation, p", is given by the 


( 6 . 8 ) 


The frequency of c after 
equation 

- _ f Probability offspring is c given] 

p p p [both teacher and parent are c J 

+ P'(l - n-)f Prob ^ i,,, y °ftspring is c given] 
P P [ parent is c and teacher is d J 

+0 - pv t give °i 

v v [parent is d and teacher is c 


Assuming that sets of cultural parents are formed at random and that transmission 
is according to Table 6.1, this equation becomes 


p- - pplli + p'(l - pMA| + (I - pV!I - A) 


(6.9) 


By writing the (I) in the first term as |A + (I - A)), Equation 6.9 can be 
simplified to 


p'-Ap' + d- A)p* (6.10) 

Equation 6.10 is a very important result. It says that the frequency of the cultural 
variant c after transmission is the weighted average of the frequencies of c among 
parents and teachers, where the weights are the relative importances of parents and 
teachers in the transmission of the cultural trait in question. To see why this is 
important, suppose that individuals with cultural variant c are more likely to 
become teachers while those with the cultural variant d are more likely to become 
parents. Thus the frequency of c individuals will be higher among the pool of 
teachers and the frequency of d individuals will be higher among parents. Given 
Equation 6.10. it seems plausible that if teachers were important enough, then c 
could increase in the population even though d individuals are assumed to have 
higher genetic fitness. 

We can make this intuitive argument more precise by using Equations 6.6 and 
6.7 in combination with Equation 6.10 to derive a recursion for the frequency of 
the variant c. To simplify this process we will once again suppose that selection is 
weak. In the context of a dichotomous trait this means that W, *■ W t and •» 11*. 
We can express this mathematically as follows. Let 


W t /W, = 1 + s 

a/fts -l+o 


( 6 . 11 ) 


where s and o are small enough that we can ignore terms of order s J and a 2 . The 
parameters s and a measure the selection advantage (or disadvantage) of c in the 
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Box 6.1 Combining Equations 6.6 and 6.11 results in the following expression for 
the frequency of c among parents, p': 

P m *i + sp 

If s is small enough that we can ignore terms of order s', then 
p' - p(l + sHl - sp + (sp)* ♦ ...}- p + sp(l - p) 

Similarly, if a is small enough to ignore terms of order a 1 then 
p* - p(l + oHl “ trp + (opf + ...}- p + op(l ~ p) 

Then combining these two expressions with Equation 6.10 yields 

p" - Afp + sp<l - p)] + (I - AXp + crp(l - p)] 

■ P + p(l ~ pXAs + (1 - A)oJ 


two selection processes. So, for instance, if a > 0 and s < 0, individuals with 
variant c are more likely to become teachers but less likely to become parents. It 
is shown in Box 6.1 that with this assumption the recursion for p is 


p" - p + p(l - p)IAs ♦ (I - A)oJ 


( 6 . 12 ) 


As is illustrated in Figure 6.2, this recursion has a very simple interpretation. 
The term (As + (1 - A)a| is a son of "effective selective advantage. H It is the 
selective advantage of variant c in the selective processes that cull potential parents 
and teachers, weighted by the importance of parents and teacher in enculturation. 
If this term is positive the variant c always increases, and if it is negative the reverse 



Hg. 6.2 The change in the frequency of cultural variant c. Ap. as a result of natural selection 
acting oo both symmetric and asymmetric components of the cultural life cycle. When the 
effective selection advantage of variant c. As + (1 - A )a, is greater than zero, variant c 
increases. When it is negative, variant c decreases. 
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occurs. This means that even if a cultural variant is maladaptive from the point of 
view of Darwinian fitness (i.e. s < 0), it can still increase in frequency. 


A more complex model 

Clearly this model is extremely stylized. Children are usually enculturated by a 
variety of different kinds of individuals, and different children may be exposed to 
different numbers and kinds of parents. To show that these complications do not 
necessarily alter the qualitative effects of asymmetric life cycles that were explored 
with the parent-teacher model, we will analyze a more complex model of en- 
culturation. 

Suppose that each child has a set of cultural parents who occupy different "social 
roles." These social roles may include that of the “mother" and the “father," who, 
depending on the society, may or may not be the genetic parents of the offspring. 
Other important roles may be reserved for relatives, for example, grandparents in 
traditional Chinese society or the mother’s brother in many matrilineal societies. 
Finally, totally unrelated individuals may play an important role, the shaman, the 
big man, or the leader of the secret society in traditional societies, or the priest, 
coach, or teacher in Western ones. 

It seems unlikely that every child will be exposed to individuals occupying every 
possible social role. For instance, some children will have grandparents while 
others will not. To accommodate this situation within the model, we assume that 
a given naive individual is only exposed to a subset t, of all possible roles. Let 
ProbfT,) be the probability that an offspring is exposed to the subset t,. This 
probability can depend on the roles themselves. So. for example, it could specify 
that a child is exposed to the role of father or of stepfather, but not both. This 
probability cannot depend on the cultural variant of the individuals occupying the 
roles. This introduces indirect bias effects which we will treat in Chapter 8. 

We suppose that individuals occupying different social roles have different 
importances in cnculturation for any particular trait. For instance, for traits that are 
acquired at an early age, roles involved in primary child care are likely to be 
important. On the other hand, for skills that are acquired upon becoming adult, 
roles like teacher or military leader may be of primary importance. To model this 
in the context of a dichotomous character, we assume a linear cultural transmission 
rule as in Chapter 3. We assign the phenotypic value X* to the kth parent where 


I I if parent k is c 
0 if parent k is d 


(6.13) 


This means that in each set of cultural parents we assign a phenotypic value to each 
social role. Since, in general, there may be more social roles than there are parents, 
this means that we are assigning phenotypic values to nonexistent parents. We shall 
see, however, that this does not make any difference. 

As with the linear model developed in Chapter 3. we assume that an individual 
occupying the kth social role has a weight A,. Next we define a new quantity A»j 
as follows: 


A = I A ‘ k tetonS* T i 

^ jo if k does not belong to t, 


(6.14) 
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The probability that an offspring acquires cultural variant c given that it is exposed 
to cultural parents with the set of social roles r, and who have phenotypic values 
X.. X. is assumed to be 


Prob (c|t,. X, 



^\x, 


(6.15) 


This rule says that the actual weight of an individual occupying social role k in a 
particular set of cultural parents is the raw weight. A*, normalized by the average 
weights of all the individuals in that set of cultural parents. 

We suppose that the attainment of any of the social roles involves surviving a 
culling process analogous to natural selection. This means (1) that not everyone 
becomes a grandfather, a big man, or what have you, and (2) that different 
phenotypic variants have different probabilities of attaining any particular social 
role. Once again this may be because different variants have different probabilities 
of surviving to the age at which an individual can occupy a particular role, or it may 
be that particular skills or accomplishments are affected by culturally inherited 
factors In both cases, the phenotypic variants that maximize the probability of 
attaining one role may not be the variants that have the best chance of attaining 
some different role. In the context of the simple dichotomous model we have 
analyzed, let O* be the probability that an individual with cultural variant c attains 
social role k. and let O* be the probability that an individual characterized by d 
attains social role k. 

With these assumptions we can calculate a recursion for the frequency of the 
cultural variant c in the population Suppose that the frequency of c just after 
cultural transmission is p. First, we calculate the frequency c in the pool of 
individuals who achieve social role k in adulthood. pj: 


_ 

p * O.P + fUl - p) 


(6.16) 


If sets of cultural parents are formed at random, the probability that a naive 
individual acquires variant c is given by 


p' - £ Prob (r,) £ ... £ Prob (c |t,, X,.X.) 

x (Prob (X.)... Prob (Xj) 


(6.17) 


By exchanging the order of summation, this can be rewntten as follows: 


where 


P'-£••• E 2 ** *. <?"* (X.) - . . (XJ) (6.18) 

x,-« *.-« » 


A* - Z Probf^ (A H /1 A*) (6.19) 

The parameter A* represents the importance of parents in the kth social role 
averaged over all possible sets of cultural parents according to the frequency with 
which each set of cultural parents occurs. It is easy to show that Equation 6.18 
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becomes 

P' - £ A* Pi (6 20) 

fc -1 

Combining equations 6.16 and 6.20 gives us a recursion for the frequency of the 
cultural variant c in the population. This recursion has the same general properties 
as the parent-teacher model. In particular, if we define a, - ft*/ft* - I (in 
analogy with <7 and s above) as the selection advantage of variant c in attaining role 
k and assume that selection is weak, then 6.20 becomes 

{T - p + pU - p) A.O.) (6.21) 

The sum is the selection advantage of variant c in role k averaged over all social 
roles, with each role being weighted by its importance in socialization Equation 
6.21 says that the variant c will increase in frequency if this quantity is positive and 
decrease if it is negative 

It is important to notice that the influence of a particular role on the overall 
selection advantage of a cultural variant depends on the strength of selection in 
attaining that role as well as the importance of the role. Given that the competition 
to attain some social roles like leader or big man may be very intense, it is possible 
that these roles may have a very important influence on the dynamics of the 
distribution of cultural variants. 


The Evolution of Non parental Transmission 

The evolutionary origin and continued existence of asymmetric cultural trans¬ 
mission create a puzzle. The models analyzed in the last two sections suggest that 
natural selection acting on culturally transmitted variation will increase the fre¬ 
quency of variants which enhance cultural fitness. When cultural transmission is 
asymmetric, these variants may be different from those that maximize genetic 
fitness. Thus, all other things being equal, one would expect asymmetric cultural 
transmission often to be maladaptive. Nonetheless, the empirical evidence indi¬ 
cates that cultural transmission in humans is quite asymmetric, at least for some 
characters. This suggests that it might be fruitful to ask the question. Does asym¬ 
metric cultural transmission have some benefits that compensate for its intrinsic 
costs? 


Indirect benefits of asymmetric cultural transmission 

The most obvious answer to this question is that asymmetric transmission may be 
a by-product of many other adaptations. The kinds of individuals who will be 
available as models will depend on virtually all aspects of the social and economic 
system of the group in question. Groups specializing in trade or warfare may be 
characterized by the absence of males from the household, while in pastoral groups 
boys may spend long periods with their fathers following herds. Resource distribu- 
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lion and the political system will determine whether settlement is concentrated or 
dispersed, and hence the availability of models outside the family. Clearly, this list 
could be elaborated endlessly. In each case, the kinds of individuals that are 
available as models depend on other aspects of society which are important from 
an adaptive point of view; thus we would expect that the cultural life cycle cannot 
be made more symmetric without paying some penalty. For example, in a group 
specializing in trade a father might have to forgo lucrative trading opportunities in 
order to have a greater role in socialization. 

Dinci benefits of asymmetric cultural transmission 

An individual’s genetic parents represent a very small sample of the population 
from which they were drawn. Expanding the set of cultural parents may improve 
a naive individual’s chances of acquiring the most favorable variant in two ways: 
If it is possible to identify favorable variants via direct or indirect bias, increasing 
the number of cultural parents may be adaptive insofar as it increases the chance 
that the set of cultural parents will include the most favorable variant. Expanding 
the set of cultural parents also enables the naive individual to get a belter estimate 
of the distribution of variants in the population as a whole. This information is 
useful in choosing a variant under a wide variety of circumstances. In what follows 
we discuss each of these effects in more detail. 

Increasing the number of cultural parents makes direct bias more effective. To 
see why, remember that direct bias can be thought of as a process in which 
individuals choose from among the variants to which they are exposed. Other things 
equal, one would expect that increasing the number of cultural parents would 
increase the number of different variants to which an offspring is exposed, and thus 
increase the chance of selecting the best variant 

This intuitive argument is supported by the models which were discussed in the 
last chapter. There we analyzed a model in which offspring acquired a quantitative 
cultural character from n cultural parents via the directly biased transmission rule. 
The effect of biased transmission was to move the mean cultural variant in the 
population toward the variant favored by the bias an amount AX. where 

AX - (I - l/n,)Cov<Z.p<Z» (6.22) 

The covariance term represents the effects of the strength of the bias and the amount 
of variation in the population (see Eq. 5.10 and surrounding discussion for more 
details). The parameter n, is the effective number of cultural parents. As n, 
increases, the value of AX also increases. 

Now suppose that there are two genotypes in the population, one which causes 
its bearers to have an average effective number of cultural parents equal to n,, and 
a second which causes its bearers to have a larger effective number of cultural 
parents, n*. Equation 6.22 says that individuals with the second genotype will on 
average be closer to the variant favored by the bias than individuals with the first 
genotype. Assuming that the bias increases the frequency of adaptive variants, this 
means that individuals with more cultural parents will on average have higher 
genetic fitness. This is not an artifact of the quantitative model; an n parent 
dichotomous model yields a qualitatively similar result. 




190 The Natural Selection of Cultural Variations 


Increasing the number of cultural parents also makes indirect bias more effec¬ 
tive. We will not examine indirect bias in detail until Chapter 8. However, it is easy 
to understand why asymmetric life cycles may be adaptive when there is indirect 
bias. Dad may be a lousy hunter, if cultural transmission is constrained to be 
symmetric, his sons either will be stuck with his techniques or will have to expend 
the effort to learn belter ones. If transmission is not constrained to be symmetric, 
they can choose their models from among ail the hunters in the village and thereby 
greatly increase their chances of acquiring the best variants of trap design and so 
on. 

Asymmetric life cycles also may be adaptive because larger sets of cultural 
parents provide the naive individual with better information about the distribution 
of cultural variants in the population For example, in the case of quantitative 
characters and blending inheritance, increasing the sample size decreases the vari¬ 
ation in the offspring's estimate of the mean phenotype in the population. Since 
several forces lend to cause the mean phenotype in the population to be the optimal 
phenotype, increasing the number of cultural parents will increase fitness in these 
conditions. 

Having more than two cultural parents also makes frequency-dependent bias 
possible. When there is frequency-dependent bias the naive individual uses the 
frequency with which different cultural variants occur as indicators of their merit. 
As we will see in Chapter 7, when transmission is biased in favor of the more 
common variant, it acts like what statisticians call “robust estimators" to reduce the 
chance that a naive individual will acquire badly maladaptive cultural variants from 
models who are drawn from the extremes of the distribution of cultural variants. 


The Interaction of Selection with Direct Bias and Guided Variation 

In this chapter we have been building an argument that natural selection acting on 
asymmetric cultural transmission can cause human behavior to diverge system¬ 
atically from the predictions of sociological theory. So far the argument has had 
two parts: (I) Natural selection acting on culturally transmitted variation may 
increase the frequency of genetically maladaptive variants if the cultural life cycle 
is asymmetric. (2) There are good reasons to believe that natural selection acting 
on genes might favor cultural transmission with asymmetric life cycles. 

It is important to emphasize that we are only arguing that it is possible that 
asymmetric cultural transmission has this effect. Even at that, the argument is still 
incomplete. The fact that natural selection acting on an asymmetric system of 
cultural inheritance may often favor maladaptive variants does not necessarily mean 
that these variants will increase in frequency, the effect of selection may be opposed 
by other forces like direct bias and guided variation. Indeed, as long as there is a 
genetic basis for the forces of guided variation and biased transmission, there will 
a tendency for some combination of these forces to evolve so as to correct distorting 
effects of asymmetric cultural life cycles. Some authors (e.g. Durham, 1976; 
Lumsden and Wilson, 1981) have argued that any important deviations of human 
behavior from what is genetically adaptive will eventually be eliminated in this 
way. 
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We think it is plausible, however, that in many situations direct bias and guided 

variation will not evolve to compciMe for the effects of asymmetric transmission 

completely. In a spatially varying environment, migration can increase the fre¬ 
quency of maladaptive variants in each local habitat. In the last chapter we showed 
that in such an environment, selection in favor of biases which increased the 
frequency of locally favored variants was rather weak. If the cost of evaluating 
different cultural variants (necessary for the action of bias) was high enough, the 
bias would not evolve. A parallel argument can be made in the case of asymmetric 
transmission. Like migration, the combination of selection and an asymmetric life 
cycle can cause the frequency of maladaptive cultural variants to increase. We will 
shortly show that selection on the determinants of bias is also weak when the 
combination of asymmetric transmission and selection maintains maladaptive vari¬ 
ants, and if bias is costly, correcting biases will not evolve. 

Even if bias and guided variation do evolve so that they correct the effects of 
asymmetric transmission, there is no guarantee that they will be effective. Unlike 
maladaptive variants due to migration, the ones that result from asymmetric life 
cycles are coevolving with the genetic system. Under some circumstances, cultural 
evolution will tend to compensate for the effects of genetic evolution, and a kind 
of "arms race" will result. For example, suppose selection on cultural variation 
favors values and beliefs that lead to small families and selection on genetic 
variation favors desires that lead to large families. Then, selection on genes might 
increase the desire for children. In response, cultural selection might favor even 
more extreme beliefs about the appropriate family size. Genetic selection might 
again increase the desire for children, and so on. 

In the remainder of this section we consider these two processes in the context 
of two simple models. First we consider the interaction of direct bias, natural 
selection, and asymmetric life cycles in a spatially varying environment. Then we 
analyze a mode) in which there is an arms race between cultural and genetic 
evolution. 


Direct bias and asymmetric cultural life cycles 

To investigate the interaction of bias and natural selection on asymmetrically 
transmitted cultural variation, we make use of the model of the genetic modification 
of bias discussed in the last chapter. There we assumed that (I) there were two 
culturally transmitted variants, c and d; (2) individuals with variant c were assumed 
to have a higher probability of becoming cultural parents in habitat I while individ¬ 
uals with variant d were more likely to become cultural parents in habitat 2; (3) 
there was a genetic locus that affected the magnitude and direction of the bias; and 
(4) the probability that any given individual became a genetic parent and the 
probability that the same individual became a cultural parent were equal, or, in 
other words, the cultural and genetic life cycles were symmetric. We then deter¬ 
mined the conditions under which an allele which codes for unbiased cultural 
transmission (the unbiased allele) resists invasion by an allele which codes for bias 
in favor of genetically adaptive traits in each of the habitats (the general purpose 
bias allele). 
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In this section, we modify the model so that it represents a situation in which the 
cultural life cycle is asymmetric. Once again, assume that there are two culturally 
transmitted variants and two genetic variants. We adopt the notation used in 
Chapter 5, that is. cultural variants c and d are denoted by numerical value X, which 
equals 1 and 0. respectively, and genetic variants are denoted by the numerical 
value G, which can equal 0 (the unbiased allele) or 1 (the general purpose bias 
allele). Here we only consider the case of general purpose biases. It is assumed that 
individuals with the unbiased allele are characterized by unbiased transmission, 
while individuals with the bias allele have a transmission rule that is biased in favor 
of the cultural variant that maximizes the probability of becoming a genetic parent. 

To model the effects of asymmetric life cycles we need only to change the 
pattern of cultural fitnesses in the way shown in Table 6.2. The top table gives the 
probability that different individuals characterized by various combinations of 
cultural and genetic variants become genetic parents. All other things equal, cul¬ 
tural variant c has higher genetic fitness in habitat I and cultural variant d has higher 
genetic fitness in habitat 2. However, as shown in the bottom tabk, we assume that 
the probabilities of becoming a cultural parent follow exactly the opposite pattern: 
individuals characterized by cultural variant c are more likely to become cultural 
parents in habitat 2, and individuals with cultural variant d arc more likely to 
become cultural parents in habitat 1. 

This is quite an extreme way to combine spatially varying environments with the 
effects of asymmetric life cycles because the forces of natural selection acting on 
genes and on culture are always opposed. This extreme model is useful because it 
represents the case in which bias is most likely to evolve. When selection on 
cultural and selection on genetic variation work together, then selection lor biases 
would be weakened. This extreme model also is mathematically very similar to the 
model analyzed in Chapter 5 and therefore is very easy to analyze. 

Once again, we want to know under whal conditions a general purpose bias is 
favored relative to unbiased transmission It can be shown that the frequency of the 
bias alkie will increase whenever the following condition holds: 

{(I - p#s}b > z (6.23) 

where (as in Chap. 5) Q is the frequency of the cultural variant with the highest 
genetic fitness in each habitat. The kft-hand side of 6.23 represents the benefits of 
biased transmission and is the product of three terms: b, which measures the 
strength of the transmission bias; s. which measures the difference in genetic fitness 
of the two culturally transmitted variants; and (I - p)p, which measures the 
amount of cultural variation in the population. The right-hand side of 6.23 is the 
cost of biased transmission, z. If the benefits of biased transmission are greater than 
its costs, it will be favored by selection. 

Notice that Condition 6.23 is exactly the same as the expression derived under 
the assumption that the genetic and cultural life cycles were symmetric (i.e. Con¬ 
dition 5.20, Chap. 5). The evolution of alleles controlling bias depends only on the 
magnitude of (1 - £)£. the amount of cultural variation. For a given amount of 
cultural variation, its source is irrelevant. Of course, the nature of the selective 
forces will usually affect the amount of cultural variation. In the symmetric model 
selection and bias always acted in coocert to increase the frequency of the cultural 
variant that had the higher genetic fitness, whik in the asymmetric model they will 
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Table 6.2a Probability of becoming a genetic parent in habitat I (i.e. genetic 


fitness) 

Cultural 




Variant 

0 


1 

0 

a 

1 

a 4 

1 

1 - z 

1 

1 + S 

- Z + 8 

Table 6.2b Probability of becoming a cultural parent in 
fitness) 

habitat 1 (i.e. cultural 

Cultural 


Genotype 


Variant 

~5 


1 

0 

1 

1 + a 

1 

1 

- z + a 

1 - z 


be opposed. Surprisingly, this difference can have the effect of making it easier or 
harder for the bias allele to increase in frequency. 

To see this, consider the case of a population in which all individuals have the 
unbiased allele. In this case the equilibrium frequency of the favored variant will 
be determined only by the strength of selection on cultural variation, s in the 
symmetric model and a in the asymmetric model. Recall that selection works with 
equal strength but in opposite directions in the two habitats in both models. This 
means that as selection becomes strong relative to migration, the frequency of 
variants with the higher cultural fitness approaches one. In the symmetric model 
this is also the variant with higher genetic fitness, while in the asymmetric model 
the variant with lower genetic fitness increases in frequency. The effects of this 
situation on the amount of cultural variation are shown graphically in Figure 6.3. 
Notice that the amount of cultural variation decreases as selection gets stronger; the 
direction of the selection does not matter. This means that the benefits of biased 
transmission will decrease as the strength of selection on cultural variation in¬ 
creases. In this simple model there is no relationship between the asymmetry of the 
life cycle and the strength of selection in favor of biased transmission. 

Several caveats are in order, however. First, when selection on cultural variation 
favors maladaptive cultural variants, the evolution of biased transmission will 
usually increase the amount of cultural variation in the population, which in turn 
increases the strength of selection in favor of biased transmission. Thus, if the 
biased allele can increase when it is rare, it will always go to fixation. In contrast, 
when selection and bias work in the same direction, increasing the frequency of the 
bias allele weakens the selection in favor of bias, and a polymorphic equilibrium 
is possible. Second, in quantitative models there is a general tendency for selection 
on cultural asymmetrically transmitted variation to increase the strength of selection 
in favor of biased transmission. It is possible to constmct models of quantitative 
characters in which asymmetric transmission reduces the selection in favor of 
biased transmission, but there is a general tendency for asymmetry to have an 
opposite effect. Finally, the strength of selection favoring guided variation will 
usually increase if the cultural life cycle is asymmetric, although, again, it is easy 
to construct models in which the opposite occurs. 
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Klg. *.3 Shows that atymmctnc cultural tranunmioa does not necessarily increase (he strength 
of selection in favor of direct buses (hal favor genetically advantageous variants. The strength 
of selection favoring a general purpose bus allele is ifM I - 0). In both panels this quantity is 
plotted as a function of p. We also assumed that variant c has higher genetic fitness In the left 
panel we assumed that cultural selection alto acts to increase p in the local environment. 
Selection and immigration balance at the equilibrium value p. The resulting strength of selection 
in favor of a general purpose bias is given by die height of the curve at fi In the nghl panel 
we assumed chat cultural selection acts lo decrease p. If selection u weak so that the resulting 
equilibrium is fc. then the selection favoring direct bias is stronger than in the symmetric case. 
If. however, selection is strong so that the equilibrium is Pi. then selection favoring direct biases 
is weaker than in the symmetric case 


A ‘'Freudian” model 

So far we have only considered the effect of genes which modify guided variation 
or directly biased transmission. It is also possible for genes to influence expressed 
behavior without creating or modifying the forces of cultural evolution. For exam¬ 
ple. suppose that family size is affected by culturally acquired beliefs about (he 
correct or best family size and by a genetically transmitted trait which affects the 
frequency of sexual relations. It seems plausible that such a genetic character might 
not have any effect on the cultural transmission of beliefs about family size. When 
this situation exists, it is possible for (he coevolution of genes and culture to become 
a sort of arms race in which cultural and genetic traits evolve in opposite directions, 
but with behavior remaining at an intermediate value. 

To make this argument more concrete we use the following simple model. As 
usual we begin building the model by conceptually following a cohort of individ¬ 
uals through a single generation. Suppose that each individual inherits a quan¬ 
titative genetic character from his genetic parents. TT»e value of this character in a 
particular individual will be denoted G; the mean value among genetic parents is 
G. Further suppose that each individual inherits a quantitative cultural variant from 
n teachers according to the linear rule described in Chapter 3. The value of this 
character in a particular individual will be labeled X. and the mean value among 
cultural parents is X. Finally, we suppose that an individual's behavioral pheno¬ 
type. Y, is a simple summing of the genetic and cultural influences: 

Y = X + G 


(6.24) 
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To fully describe this population, we need to keep track of the joint distribution of 
genetic and cultural variants. We will denote this distribution among offspring as 
F'(X,G)._From the rcsults of Chapter 3, we know that the mean values erf the 
cultural (X') and genetic (G') variants in the population are unchanged by trans¬ 
mission (i.e. G' - G and X' - X). 

Next, we assume that the probability that an individual becomes a genetic 
parent, W(Y), depends on its phenotype in the following way: 

~(Y - H«) : 

2S, 


(6.25) 



The parameter H, is the phenotypic value that has the highest probability of 
becoming a genetic parent, and the parameter 1/S, is a measure of the intensity of 
selection. Similarly, the probability of becoming a teacher, H(Y), is given by 


«*> - -ppW* 2 ) 


(6.26) 


The parameter H« is the phenotypic value that has the highest cultural fitness, and 
1 /S, is a measure of the intensity of selection on teachers. Generally we expect that 
H, * H«, which means that selection on culture favors a different phenotypic value 
than selection on genes. For convenience we will establish the convention that 
H« > H,. This situation is shown graphically in Figure 6.4. 

With these assumptions, we can calculate the mean value of G among genetic 
parents and the mean value of X among cultural parents in the next generation. 
These calculations are very similar to those shown in Chapters 4 and 5. They result 
in the following system of recursions: 


X' - X + 
G* - G + 


U 


S, ♦ V ♦ U 
V 

S, ♦ V + u 


{(H, - G) - X} 
{(H, - X) - G) 


(6.27) 


where V is the equilibrium variance of the 
librium variance of the cultural character. 


character and U is the equi- 



Fig. 4.4 The fitness functions for genetic and cultural selection assumed m the Freudian model. 
The phenotypic value that m axi m i z es genetic fitness is H,. and the value that maximizes cultural 
fitness is H,. The intensities of the two selection processes are measured by SJ 7 * and Sj n . 
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Our usual strategy at this point in the analysis is to solve the recursion and find 
the equilibria. However, as is illustrated in Figure 6.5, these recursions do not have 
an equilibrium; there is no combination of G and X that simultaneously satisfies 
both recursions Instead the mean values of the genetic character and the cultural 
character evolve in opposite directions indefinitely. Since it has been assumed that 
H« > H,, X increases and G decreases. However, by combining the two recursions 
it is possible to show that the mean phenotype in the population (i.e. X + G) does 
reach a steady state that is intermediate between the genetic and cultural optima. 

This behavior makes sense given the assumptions of the model On average the 
cultural variant X will be paired with the average genetic variant. G. and, therefore, 
the average cultural fiuras of individuals with cultural variant X depends on 
X + G. Thus as long as G is intermediate between H g and H*. larger than average 
cultural variants will always be favored by the selection process that acts on 
potential teachers. The converse is true for the genetic trait. Put metaphorically, 
each inheritance system is motivated to continuously "up the ante” in an attempt to 
move the resulting phenotypes nearer their respective optima 

This is not a completely reasonable result; something must intervene to prevent 
infinite values of G and X. One possibility is that extreme differences between 
genetic and cultural influences are maladaptive. The outcome of this model is 
analogous to regulating the speed of an automobile to 30 miles per hour by 
simultaneously pushing the accelerator ar.J the brake to the floor This seems like 
an undesirable state of affairs. One would expect that individuals with strongly 
conflicting genetic and cultural variants would have reduced fitness with respect to 
both kinds of transmission when compared with individuals whose genetic and 


> 



X' - X gives die combuuiwm of values of X and G wtuefa lead tooo change in X. Similarly, 
the line G' - G gives the combuuooos thai lead lo do change in G. Since these lines do not 
ialencct. there can be no equilibrium. 
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cultural variants combined harmoniously to achieve the same phenotypic value. It 
is easy to modify the model to allow for this possibility by multiplying both the 
genetic and cultural fitness of an individual by the term 

K(G.X) = «*p{ ~ (G ^ X '} (6.28) 

This reduces both the cultural and the genetic fitness of an individual as the 
difference between the genetic and cultural variants increases. The strength of this 
effect is proportional to (l/Sfc) ,/a . 

We have analyzed this model with the following simplifying assumptions: (I) 
the intensities of cultural and genetic selection are equal (i.e. S, «= S t = S). and 
(2) selection is weak (i.e. S.S* ► V.U). In this case, the mean values of the genetic 
and cultural characters reach a stable equilibrium as long as S* < S—that is. if the 
effect of conflicting genetic and cultural specifications on fitness is greater than the 
direct effects of the characters themselves. The equilibrium value of Y is always 
intermediate between the genetic and cultural optima, but the equilibrium values of 
G and X can be widely disparate, especially if S is nearly equal to S». 

A variety of other processes could be invoked to cause the cultural and genetic 
means to reach a stable equilibrium. We expect that most of these mechanisms will 
share the qualitative behavior of the specific model analyzed herei namely, an 
intermediate equilibrium phenotype may often be achieved through a balance of 
strong opposing forces—genetically inherited propensities pulling the individual in 
one direction and culturally inherited beliefs pulling in the other. The model 
analyzed above shows that this can be the result even if such intrapsychic conflict 
is directly selected against. 

This model evokes a familiar picture of the human psyche. Many authors (see 
Campbell. 1975, for a review) have portrayed humans as tom between the 
conflicting demands of an animal id and a socially acquired superego. One is 
tempted to conclude that because so many observers have found this picture of the 
human psyche plausible there must be something to it. It is intriguing that this view 
of human behavior is a natural outcome of a dual inheritance model of human 
evolution. However, the fact that different thinkers within the Western tradition 
have found such a model plausible may be more a testament to cultural transmission 
than to empirical reality. Moreover, the dual inheritance models give us no reason 
to suppose that there should only be two conflicting behavioral principles. It seems 
reasonable that there are many different mutually asymmetric channels of cultural 
transmission. If this is so. one of the obvious predictions is that humans should have 
many conflicting goals. 


Reprise 

In this chapter we hope to have convinced the reader that natural selection acting 
on culturally transmitted variation will tend to create evolutionary* forces that 
conflict with the dictates of ordinary natural selection acting on genetically trans¬ 
mitted variation. Indeed, we suspect that this effect will occur anytime an organism 
is characterized by two or more asymmetric systems of inheritance. It will be useful 
to review the key points of the argument: 
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1. Natural selection acting on asymmetrically transmitted variation may favor 
cultural variants that are genetically malad aptive. Individuals characterized by a 
particular cultural variant may be more or less likely to achieve a given social role 
than individuals with other cultural variants. This means that the attainment of 
many different social roles eMails surviving a selection process. The variant that 
maximizes the probability of attaining social roles other than that of parent may 
often be different from the variant that maximizes the probability of becoming a 
genetic parent. If individuals occupying social roles other than parents are involved 
in cultural transmission, then many of the selection processes that act on cultural 
variation may increase the frequency of genetically maladaptive cultural variants. 

2. Selection on asymmetrically transmitted variation may be very strong. The 
competition for many social roles, especially those with high prestige, is likely to 
be much more intense than the competition to become a parent For example, only 
a single individual may be able to be mayor or headman at any given time. If these 
roles arc even moderately important in socialization, there will be very strong 
selection on asymmetrically transmitted cultural variation. 

3. It Is easy to imagine that asymmetric cultural life cycles may themselves be 
genetically adaptive. First, the nature of the cultural life cycle has a multitude of 
effects on individual genetic fitness. Virtually every aspect of behavior affects what 
kinds of individuals are available as models for other individuals Thus modifying 
the cultural life cycle may have indirect costs. Second, in heterogeneous environ¬ 
ments, asymmetric life cycles may make biased transmission more effective, and 
therefore make it more likely that individuals acquire locally adaptive cultural 
variants. For many of these traits the cultural and genetic optima will be similar. 
Thus, it seems very plausible that asymmetric cultural life cycles may be adaptive 
when averaged over all the traits that are transmitted. 

4. It is plausible that direct bias and guided variation will often fail to correct for 
the effects of selection acting on asymmetrically transmitted cultural variation. 
In Chapter 5, we argued that for directly biased transmission to be favored by 
selection, the bias must increase the probability of acquiring the locally adaptive 
cultural variant in a wide range of habitats. For some traits this may be readily 
accomplished because either (a) the locally adaptive variant does not vary much 
from habitat to habitat or (b) it is easy to evaluate the different variants that one is 
exposed to and determine which is most adaptive. However, for other traits, 
particularly basic beliefs and attitudes that affect many aspects of an individual's 
life, it may be very difficult for individuals to determine which is the best variant. 
For these traits, we expect that direct bias and guided variation will be weak. In this 
chapter, we showed that these conclusions may also hold even when natural 
selection acting on asymmetrically transmitted cultural variation increases the fre¬ 
quency of maladaptive variants. 

Taken together, these points suggest that cultural transmission may often lead to the 
evolution of behavior that is qualitatively different from that predicted by socio- 
biological theory. Cultural transmission creates persistent, heritable variation be- 



tween individuals. The existence of such variation allows a multitude of biological, 
social, and economic selective processes to affect the frequency of different cul¬ 
turally transmitted variants in the population. Given the variety of roles in human 
societies, it seems virtually certain that in some cases these selective processes will 
favor behavioral variants that are genetically maladaptive. Nonetheless, cultural 
inheritance can persist if. averaged over all traits, cultural organisms have 
significant advantages over noncultural organisms. 

We believe that this reasoning is sufficiently plausible to refute the argument that 
human behavior must conform to the predictions of sociobiological theory. The 
human capacity for culture could have evolved in the way that we have suggested; 
the capacity for cultural transmission may be adaptive, and at the same time whole 
suites of characters may not enhance the inclusive fitness of individuals. Moreover, 
as we shall see in the next two chapters, there are processes other than natural 
selection that can lead to a similar conclusion. 

On the other hand, humans could inherit virtually all of their behavior culturally 
and, at the same time, most important aspects of human behavior could be under¬ 
stood in terms of sociobiological principles. All that is required is (1) that the forces 
of biased transmission and guided variation ultimately have a genetic basis. (2) that 
these forces act to increase genetic fitness, and (3) that they are much stronger than 
natural selection on asymmetric cultural variation. The models presented in this 
chapter suggest that •symmetric cultural transmission may cause human evolution 
to diverge from the predictions of sociobiological theory. Whether and to what 
degree it actually does is an empirical problem. 


Tbe Demographic Transition 

Earlier in this chapter we argued that the evolution of the culturally transmitted trait 
of field independence and associated child-rearing styles in industrializing societies 
may provide an example of the effects of selection acting on asymmetrically 
transmitted cultural traits. The evolution of this complex of traits may also illustrate 
how selection on asymmetrically transmitted variation can act to reduce ordinary 
Darwinian fitness. From a sociobiological perspective the demographic history of 
industrialization is a puzzle. One would expect that bias, guided variation, and 
selection on the vertical components of cultural transmission as well as on genetic 
traits should all act to increase fertility up to some optimum determined by the 
availability of resources to raise the resulting offspring. The per capita resources 
available in industrial and modernizing societies have expanded enormously, and 
death rales have fallen substantially. But fertility and completed family size drop 
in the "demographic transitions" that accompany industrialization. 

A human sociobiologist might explain the demographic transition by arguing 
that during modernization environments change more rapidly than do the criteria 
controlling guided variation and direct bias. According to this view, fertility lim¬ 
itation is a by-product of outmoded vestigial tendencies to choose the wrong 
number of children. This hypothesis is certainly plausible. Burley (1979) presents 
a cogent argument that the cryptic estrous cycle of human females evolved as a 
mechanism to prevent the spread of fertility-minimizing measures by cultural 
transmission early in human evolution. She hypothesizes that the pain and discom- 
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fort of bearing, rearing, and raising children would act as powerful reinforcers 
favoring cultural variants leading to low fertility. Evolution, by making human 
females unaware of when they ovulate, combined with a powerful sex urge, made 
fertility control more difficult. Modem birth control methods might cause the 
demographic transition by finessing this mechanism. Other hypotheses of this 
general type could undoubtedly be constructed, perhaps based on Alexander's 
(1979: 77-78) notion that culture embodies the history of past reproductive 
conflicts. 

It is also possible to explain the demographic transition as resulting from selec¬ 
tion on asymmetrically transmitted variation Recall that we argued that people like 
teachers and managers are disproportionately important in horizontal and oblique 
transmission in modernizing societies. In these circumstances, natural selection 
should act to increase the frequency of norms and values that stress the importance 
and value of these roles. Conflict with ordinary fitness will occur if one's success 
or that of one’s children in professional roles is negatively correlated with family 
size. This is plausible since individuals with small families will have more time, 
money, and other resources to devote to the attainment of these social roles. 

This hypothesis has the weight of common experience behind it Modem young 
adults with professional aspirations delay marriage and child rearing and limit 
family size in order to acquire an education and establish a career. Professional 
success is viewed as a goal which conflicts with large families, partly because of 
the direct effect of children on one’s own success and partly because individuals 
who desire professional success are likely to want professional success for their 
children. The latter implies each child must acquire a costly education: few parents 
can hope to pay for a college education for all the children in a large family. People 
may also feel that children cooflid with the goal of maintaining an appropriate 
life-style, the right kind of house, car. leisure ume activities, and so forth. In the 
interest of simplifying the discussion, we will ignore the effects of "conspicuous 
consumption" until Chapter 8. except to say that costly displays of status could be 
an important indirect bias effect favoring horizontal and oblique transmission. 

We think that a good empirical case can be made that the causes of the de¬ 
mographic transition include natural selection operating on asymmetrically trans¬ 
mitted cultural variation. To establish the plausibility of this hypothesis we need to 
find evidence that (I) having large families inhibits upward mobility in industrial 
societies and (2) those who achieve higher status in such societies spread ideas such 
as norms of family size, the desirability of education and professional achievement, 
and child-rearing styles via asymmetric transmission. 

There is evidence that large families do impose burdens on those who desire 
professional success for themselves or their children. Hill and Stafford (1974) 
report that the time parents allocate to their preschool children has a positive 
correlation with their education. The authoritative child-rearing patterns necessary 
to develop field-independent children seem on the face of it to be more demanding 
of parental time. This is certainly true for fathers, since the active participation of 
fathers in child rearing appears to be necessary to develop high levels of field 
independence, especially in sons (Werner. 1979: 181-182). Similar evidence 
comes from the study of family size and birth order effects on IQ (Zajooc and 



Th* Demographic Transition 201 


Markus. 1975; Zajooc, 1976). Large families appear to show reduced IQs among 
the children, even when controlling for social class, due to a dilution of parental 
attention to each child. Mason and Pal an (1981) report data from Malaysia which 
show that a major motivation for fertility reduction is to send children to school. 
Traditionally, mothers trained older children to look after younger ones, a family 
labor mobilizing device that is lost when children are sent to school. Statistical 
studies support the hypothesis that large families are negatively correlated with 
educational achievement, and therefore probably also with movement into oc¬ 
cupations effective in horizontal and oblique transmission under modem or mod¬ 
ernizing conditions (Terhune, 1974; Watson et al., 1979). For a general review of 
the effects of costly investments in children in the Third World, see Schultz (1979). 

There is also evidence that asymmetrically transmitted cultural traits are in¬ 
volved in the demographic transition. Very likely the idea that small families are 
desirable is one of the important traits transmitted by successful professionals. 
Stevens (1981) analyzed the statistical effects of upward mobility on fertility. His 
objective was to solve the puzzle presented by the fact that past studies had found 
quite variable effects of mobility on fertility. He interpreted his findings as showing 
that the extra economic resources gained by mobility had a positive effect on 
fertility, but that upwardly mobile individuals also tended to adopt the attitudes and 
behaviors of their newly achieved class, including lower fertility. The net effects 
of mobility thus vary according to how far and into what class an individual moves. 
Similarly, Jain (1981) found that the apparently complex effect of education of 
women on fertility could be interpreted as women's moving toward fertility norms 
expected from a given degree of education from quite different starting points, 
depending on the nation studied. 

On a larger scale, Caldwell (1976) and Freedman (1979) have argued that it is 
impossible to explain the timing of demographic transition either historically in the 
West or in the Third World today without positing a role for the asymmetrical 
transmission of values. The key fact is that, although the demographic transition is 
usually associated with industrial development, different societies have begun their 
transition at different points in the development process, and the transition has 
proceeded at quite different rales in different societies. For example. Caldwell 
gives data from the urban Yoruba of Nigeria, who have been exposed to consid¬ 
erable modernizing influence but who still overwhelmingly have high fertility. 
Caldwell attributes the inhibited demographic transition of the Yoruba to their 
success in adapting their traditional extended family system to urban life. (Recall 
here LeVine, 1966, which showed an intermediate level of need for achievement 
among Yoruba.) 

Caldwell views the economic independence of the nuclear household as the key 
variable in the demographic transition. As industrialization proceeds, asymmetric 
transmission will eventually make the nuclear household the norm and lead to 
decisions to reduce family size. This shift will be more or less rapid, however, 
depending on the cultural inertia exerted by the preexisting family norms. In 
Caldwell's view, the overwhelming economic strength of the West has caused it to 
dominate international communication to the extent that the demographic transition 
is now spreading in advance of industrialization, rather than as a consequence of 



202 The Natural Selection of C 


V, 


it. In Freedman's (1979: 9) more conservative view. 

In addition to the direct effect of actual changes on life conditions, changing 
perceptions of what is desirable and possible can affect motivations about 
family size This results from literacy and cummumcatioc and transportation 
links to (he cumulating world storehouse of models, ideas and things 


It is possible to cite many other empirical examples which plausibly support the 
notion that natural selection acting on culturally transmitted variation may act to 
increase the frequency of genetically deleterious variants. For example, several 
authors (Richerson and Boyd. 1978; Pulliam and Dunford, 1980; Werren and 
Pulliam, 1981; Pulliam. 1982) have independently argued that the predominance of 
unilineal kinship systems among human societies is an example of the effect of 
selection acting on asymmetrically transmitted cultural variation. Hamilton (1964) 
showed that natural selection acting on genes could favor self-sacnticuU altruistic 
behavior by individuals toward their genetic relatives. It is possible to show that a 
similar principle holds for cultural transmission, except now the altruism is toward 
an individual's cultural relatives. When subsistence technology favors a pattern of 
unilocal post marital residence (eg. newlyweds always live with the bride's par¬ 
ents), it is plausible that the resulting patterns of cultural kinship will favor unilincal 
social organization Another example is the existence of celibate religious orders. 
It seems plausible that by avoiding the costs of bearing or supporting children, 
celibates could devote more time and resources to spreading their beliefs horizon¬ 
tally. 

The fact that these hypotheses are plausible does not mean (hat they are correct. 
In virtually every case it is possible to construct a hypothesis that indicates that the 
seemingly maladaptive behaviors in question are. ui fact, genetically adaptive. 
Greene (1978), Alexander (1979a). and Kurland (1979) have independently pro¬ 
posed ways in which matnlmeality can be genetically adaptive, and Hartung (1976) 
has suggested an adaptive rationale for patrilineal social organization. Alexander 
(1979a: 80) has suggested that celibate priests may increase their inclusive fitness 
by helping (heir relatives to reproduce. He has also suggested that the parishioners 
may coerce priests into being celibate so that they cannot use their influential 
position to increase their own reproductive success. 

Determining which of these two classes of hypotheses is correct in any particular 
circumstance requires much more information than is typically available. It is 
important to note, however, that this argument cuts both ways. There is no a priori 
reason to accept either kind of hypothesis: Dual inheritance models and con¬ 
ventional sociobioiogical models are both consistent with the origin of the human 
species through the processes of ordinary organic evolution. Which hypothesis is 
correct in any given situation b an empirical question. For some behaviors, for 
example those involving sexual jealousy, we think that it b very plausible that the 
sociobioiogical hypothesis b correct. For others, like celibate religious orders and 
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Che limitation of family size among the modem middle classes, it seems more 
plausible to us that other mechanisms are at work. 

We think that the results of this chapter are very important because they mean 
that, under the circumstances outlined earlier in this chapter, the natural selection 
of culturally transmitted variations can cause human behavior to diverge system¬ 
atically from the predictions of conventional sociobiological theory. In the next two 
chapters we will investigate two other processes which have the same effect. 



7 

Frequency-dependent 
Bias and the Evolution 
of Cooperation 

To us at the time, a suicide air force was a very natural dung. nothing more than 
a means of self-defense toward the end of the war. Tree. the «ar ended and 
saved me 28 years ago. but if I had to be a Kamikaze pilot again. I would. 

Sei Watanabe. Lt Gen . Japan Defense Force. Ret . quoted in 
The Cherry Blossom Squadron*. Hagotnoro Society (1973: 52) 

Why did men like Sei Watanabe choose to become Kamikazes when death was the 
nearly certain result? Coercion does not seem to have been an important factor. 
Like most of the thousands of Kamikaze pilots. Watanabe was a volunteer. A 
shortage of suitable airplanes forced the Japanese navy to turn down volunteers 
until the very last days of the war. Indeed, according to Millot's (1970) history of 
the Kamikazes, the idea of suicide attacks originated among ordinary pilots who 
were frustrated by their inability to damage American ships in the face of faster and 
better armored American lighter planes Only later was it adopted as a legitimate 
tactic by the Japanese navy. Nor can we attribute all the willingness to volunteer 
to a combination of youthful patriotism and ignorance about the realities of war, 
although these factors were undoubtedly important Many of the volunteers were 
experienced combat pilots One of the difficulties that faced the commanders of 
Kamikaze squadrons was that experienced pilots were required to escort the Kami¬ 
kazes to their targets, and these pilots wanted to be Kamikazes (Millot, 1970). For 
many volunteers, the answer seems to be that they believed such extraordinary 
measures were necessary for Japan to escape defeat. Given that suicide tactics were 
much more effective than conventional attacks, these men felt obligated to imple¬ 
ment them, even if it meant their own deaths. 

And how did men come to have such self-destructive beliefs? Millot argues that 
the complex of beliefs that gave rise to the Kamikaze tactic can be traced back to 
the Samurai military code of feudal Japan which called for heroic self-sacrifice and 
put death before dishonor. When the Japanese military modernized in the nine¬ 
teenth century, the officer corps was drawn from the Samurai class. These men 
brought their values and transmitted them to subsequent generations of officers who 
in turn inculcated these values in their men. 

We find this kind of historical explanation unsatisfying for two reasons. First, 
it is incomplete. It tells us why a particular generation of Japanese came to believe 
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in heroic self-sacrifice for the common good; it does not tell us how these beliefs 

came lo predominate in the wamor class of feudal Japan Second, it it not general 
enough. The beliefs that led the Kamikazes to die for their country are just an 
especially stark example of a much more general tendency of humans to behave 
altruistically toward members of various groups of which they are members. 

We would like an explanation which tells us how the mechanisms of cultural 
transmission can cause altruistic beliefs to increase in frequency and eventually to 
predominate in a society. Such an explanation must overcome two difficulties. 

1. It must tell us how the tendency to acquire self-sacrificial beliefs and values 
could have evolved. The central tenet of sociobiological theory is that behavior of 
humans (and all other organisms) should maximize genetic fitness. A corollary of 
this principle is that natural selection can lead to cooperation among large numbers 
of individuals only if they are genetically closely related, as for example in the 
social insects. For the ecological and demographic parameters that characterize 
most mammals, cooperation will be limited to relatively small groups of related 
individuals. With the exception of humans, this result seems consistent with the 
available data (Wilson. 1975). Thus we should expect that biased transmission and 
guided variation should act to reduce the frequency of self-sacrificial beliefs and 
values. 

2. It must tell us why altruisk cooperation is directed toward some individuals 
and not others. In most societies, individuals belong to more than one social 
grouping, for example, a clan, an ethnic group, a social class, or a state. The 
interests of these groups often conflict with each other and with the individual's 
own interests. In making choices, how much weight should the individual give to 
his own interests and the interests of each of the groups to which he belongs? For 
sociobiologists, the theory of kin selection gives relatively clear answers to these 
questions. Alternative theories explaining the extensive non-kin cooperation in the 
human species need to be similarly specific. 

Donald Campbell (1975) has argued that the altruistic nature of most systems of 
moral teaching suggests that these cultural traits have been shaped by some kind of 
group selection process; according to Campbell's argument, groups with belief 
systems that cause individuals within the group to cooperate effectively survive 
longer and produce more cultural propagules. Eventually this process would cause 
self-sacrificial belief systems to predominate. There are two difficulties with this 
explanation. First, it seems likely that directly biased transmission, guided vari¬ 
ation, and natural selection should act within groups to decrease the frequency of 
self-sacrificial cultural variants. Experience with genetic models suggests that such 
within-population forces will tend to be stronger than selection among groups. 
Second, any mode of cultural transmission which allowed group selection to pre¬ 
dominate would itself be selected against. 

In this chapter we show that the kind of cultural group selection envisioned by 
Campbell can be the by-product of an otherwise adaptive mode of biased cultural 
transmission. We begin by analyzing a model of cultural transmission in which 
naive individuals have a tendency to acquire the variant that is more common 
among the individuals available to them as models. This “conformist’* transmission 
rule is one example of a more general class of rules we label “frequency-dependent 
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bias.” Conformist frequency-dependent bias has two interesting effects: first, in a 
spatially varying environment, it can provide a simple general rule that improves 
the chance of acquiring the locally favored cultural variant, and second, it increases 
the amount of cultural variation among groups relative to the amount of cultural 
variation within groups. This in turn can cause selection between groups to favor 
cultural variants which enhance the success of the group at the expense of the 
individual. We will conclude by considering evidence on ethnocentrism in the 
context of these models. 

Models of Frequency-dependent Bias 

According to our definition, frequency-dependent bias occurs whenever a naive 
individual uses the frequency of a variant among his models to evaluate the merit 
of the variant. It is important to understand this does not mean that frequency- 
dependent transmission occurs whenever the probability that an individual acquires 
a particular variant depends on the frequency of the van am among its models. 
Indeed, the latter will be true almost any time there is cultural transmission. Our 
definition of frequency-dependent bias requires that naive individuals be dis¬ 
proportionately likely to acquire the more (or less) common variant. 

To understand this distinction better, consider the following simple example: 
suppose a cultural trait with two variants, c and d. is transmitted vertically by n 
models with equal intrinsic weights. Even if transmission is completely unbiased, 
the probability that a naive individual acquires trait c still depends on the frequency 
of c among his models in the way shown in Figure 7.1a. When transmission is 
unbiased, this relationship is a straight line because unbiased transmission is anal¬ 
ogous to naive individuals' randomly choosing a model. The probability of getting 
a particular variant is just the frequency of the variant among the set of models. 
Figure 7. lb graphs the relationship between the frequency of c and the probability 
that a naive individual acquires c assuming that transmission is directly biased in 
favor of c. The probability that a naive individual acquires c is always greater than 
if he had selected a model at random. We presume that this results from the fact 
that naive individuals evaluate alternative variants and tend to choose variant c over 
variant d. 

Suppose that naive individuals use the commonness of a variant among their 
models as an indirect measure of its merit. This will result in an increase in the 
probability of acquiring the more common variant relative to unbiased transmission 
as is shown in Figure 7. Ic. When the frequency of c in the set of models is greater 
than one-half, the probability that a naive individual acquires c with frequency- 
dependent transmission is greater than at the same frequency with unbiased trans¬ 
mission. When the frequency of c among models is less than one-half, the proba¬ 
bility of acquiring c is reduced relative to unbiased transmission. Obviously, 
frequency-dependent bias could also favor the rarer variant. More complex kinds 
of frequency dependence are also possible (Lumsden and Wilson. 1980). 

Frequency-dependent bias should also be distinguished from direct bias in which 
the strength and direction of bias depend on the frequency of the variant in the 
population. It may often be that the merit of a variant depends on the frequency of 
the variant in the population. For example, the attractiveness of an occupation may 
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NUMBER Of MOOElS 
CHARACTERIZED BY 
VARIANT C 

Fig. 7.1 The probability Owl a naive individual acquire* a cultural varum depend* on the 
frequency of (hat varum among that individual’* model* a»*uming (a) uobuaed iraiumiuion. 
<b) directly bused tranamiuion. and (e) frequency -dependent bused transmission 

depend on how many individuals in the population pursue it If the number of 
university professors is large relative to the demand, becoming a university pro¬ 
fessor may be unattractive; if there is a shortage of engineers, becoming an engineer 
may be quite appealing. In these cases the magnitude and direction of direct bias 
acting on the transmission of cultural variants that affect occupational choice 
depend on the frequency of these variants in the population. We want to distinguish 
this "frequency-dependent direct bias” from frequency-dependent bias because the 
former requires the naive individual to evaluate the merit of different variants. 
Effective evaluation of the alternatives may be costly in the same way as ordinary 
direct bias. In contrast, in frequency-dependent bias the naive individual does not 
directly evaluate the merit of the variants to which he is exposed; rather, he simply 
uses the frequency of a variant among his models (not the population) as an indirect 
measure of its merit. 


A simple model of frequency-dependent bias 

To see how frequency-dependent bias affects the frequency of alternative cultural 
variants in a population, consider the very simple case of vertical transmission of 
a dichotomous trait by sets of three models. We begin with three models because 
this is the smallest set of models in which frequency-dependent bias is possible. As 
before, assume that each individual can be characterized by ooc of two culturally 


208 Frequency -dependent 


of Cooperation 


Table 7.1 The effect of a simple example of frequency-dependent cultural 
transmission 
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transmitted variants, c and d . The probability that an individual acquires variant c, 
given that he is exposed to a particular set of models, is shown in Table 7.1. This 
cultural transmission rule is particularly simple because each of the models is 
assumed to have the same role It does not matter which models are characterized 
by variant c. only how many are so characterized Let p be the frequency of c in 
the population of models. 

if one assumes that each set of models is a random sample of the population, then 
it is shown in Box 7.1 that the frequency of c among naive individuals after 
transmission. p\ is given by 

p' - p + Dp(l - pX2p - I) (7.1) 

There are several things to note about Equation 7.1. First, if the frequency- 
dependent bias parameter, D, equals zero, cultural transmission is unbiased and. as 
one would expect, transmission leaves the frequency of traits unchanged. Second, 
the direction of force depends on both the sign of D and the frequency of c: if 


Box 7.1 With random mating the probabdity of forming a set of parents with I c 
individuals given that the frequency of c H p. M(i | p). is 

moIp) - (|)(rti - ‘ 

"The frequency of c after transmission, p'. is 

p' - (l)M(3|p) ♦ (2/3 + D/3)M(2|p) + (1/3 - D/3>M(l|p) 

- P’ + (2/3 + D/3M3p*(l - P» ♦ 0/3 “ D/3M3p(l - p)*} 

“ p(p* + 2p(l — p) + (I - p)*} ♦ DfpM - p) - ptl - p) 1 } 

- p + Dp(l - pX2p - I) 
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D > 0, cultural transmission creates a force increasing the frequency of the more 

common variant in tke population Tlial tt. if p ^ 0 . 5 . ihifl (T ) D. 311(1 if 
p < 0,5. then p' < p. If D < 0. transmission increases the frequency of the rarer 
variant in the population. 

The relationship between direct and frequency-dependent bias will be clearer if 
Equation 7.1 is rewritten as follows: 

P' - P + |D(2p - l)]Vanp) (7.2) 

Thus the magnitude of the force depends on two factors: the variance of the trait 
in the population just as in the case of direct bias, and the term D(2p - 1) which 
is like a bias parameter that depends on the frequency of the variant in the popu¬ 
lation. When p ■ j, the frequency-dependent bias parameter is zero; as p -* 0 or 
1 the absolute magnitude of the parameter increases; its sign depends on the sign 
of D. 

Making the model more complicated 

Clearly this is a very simple model. One would like to know if making the model 
more realistic leads to any qualitative changes in the results. In this section we add 
several complications to the model, one at a time. First, suppose that models in 
different social roles have different linear weights. To allow for unequal weights 
suppose that the ith model has a basic weight a, (la, - I). Then, as is shown in 
Table 7.2, we suppose that the actual weight of the ith model. A,, depends on (I) 



Table 7.2 The probability of offi 
of models when the parents have 


Hiring trait c or d given a particular set 
intrinsic weights, a ( . a J( and a% 

Probability That Offspring 
Acquires Cultural Variant 
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basic weight and (2) the commonness of his cultural variant in the set of models 
which he belongs. It is shown in Box 7.2 that this transmission rule results in 
following change in the frequency of c: 

P’ - p + D^(I - pX2p - 1) (7.3) 


where 

D. * D<I - £a?) - CHI - I/iw) 

• • I 

where n« is the effective number of models as defined in Chapter 5. Equation 7.3 
says that increasing the effective number of models (while holding the actual 
number constant) increases the strength of the frequency-dependent bias. We de¬ 
rived a similar result in the case of direct bias. 

This result is interesting in the context of horizontal transmission. Suppose that 
a particular individual encounters two other individuals, and then, given his own 
behavior and that of the others, acquires (or remains) type c with a given proba 


Box 7.2 Let P(c | ccd) denote the conditional probability that an offspring acquires 
variant c given that it is exposed to models with variants c. c, and d Then from the 
table 


P(c|ccd) - 


(I - a,XI 4- D/2) 


I ♦ (D/2XI - 2a.) 

If D is small enough to ignore terms of order D*. then 
P(c|ccd) - (I - a,XI ♦ (D/2) - (D/2XI - 2a,)) 


which can be simplified to become 
P(c|ccd) — 1 - a, ♦ Da, - Da, 1 

Analogous derivations yield expressions for P(c | ede) and P(c | dec). The sum of these 
three terms is 


P(c | ccd) + P(c | ede) ♦ P(c | dec) - 2 *d(| - 2 a. J ) 

Due to the symmetry of the model, P(c|ddc) - 1 - P(c|ccd). Thus 
P(c|ddc) + P(c|dcd) -f P(c|cdd) - I - d(| - £ a?.) 

The frequency of c after transmission, p'. given that it was p before transmission, is 

P' “ P* + P*(l - p){P(c|ccd) + P(c|cdc) + P(c|dec)} 

+ P<l - pWclddc) + P(c|dcd) + P(c|cdd)} 


Combining these 


yields Equation 7.3 in (he text. 
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bility. As we showed in Chapter 3, this model is identical to a vertical model in 
which different social roles have different weightings except that the generation 
time is now the time it takes to encounter two other individuals. The result just 
derived suggests that if individuals give great weight to their own behavior or to that 
of individuals occupying one social role, the effect of frequency-dependent bias 
will be weakened. 

These results can also be extended to include nonrandom formation of sets of 
models. It seems likely that in many cases sets of models will not be formed at 
random; rather, similar individuals will tend to aggregate. For example, among 
husbands and wives in the United States, many characters such as political party 
and religious affiliation are highly correlated. In population genetics, the analogous 
phenomenon is called “assortadve matingTo model assortative formation of sets 
of three models, we assume that there is a constant correlation, r, between the 
cultural variants of two of the models and that the third model is chosen at random. 
For example, the political beliefs of a child's mother and father might be highly 
correlated with each other but unconelated with beliefs of the child's teachers. With 
this assumption the probability that each set is formed is as given in Table 7.3. It 
is shown in Box 7.3 that the frequency of variant c after frequency-dependent 
transmission is given by 

p* - p ♦ DO - r)p(l - pM2p - 1) (7.4) 


Table 7.3 The probability that each of the possible sets of models form when the 
sets may form nonrandomly 
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Model 1 Model 2 

Is 

■ ~Uncooelaied 
Model 

Probability of Formation 
of Set of Models 

c 

c 

c 

|q*(l - r) ♦ qr} q 

e 

c 

d 

(q*(l - r) ♦ qr} (1 - q) 

c 

d 

c 

{qd -q)d -r)|q 

d 

c 

c 

(q(l - q) (1 - r)) q 

c 

d 

d 

{q(l -q)(! - r)> (1 - q) 

d 

c 

d 

(q0 * q) (1 " r» 0 “ q) 

d 

d 

c 

{(1 -q)Ml - r) ♦ (1 - qtf q 

d 

d 

d 

{(1 -q>*(l -r) + (| -qWd -q) 


Box 7 J According to our assumptions, a fraction 1 - r of the sets of models are 
formed at random. Thus 

p' - (1 - r)(p ♦ Dp<l - pM2p - I)) 

+ Kp J + PU - P<(2/3 + D/3) + (1/3 - D/3)]} 

- (1 - r)(p + Dp(l - pX2p - 1)] + rp(p ♦ (1 - p)] 

- P + (I - r)Dp<l - pX2p - I) 
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Equation 7.4 says that positive a&sortative formation of sets of models weakens 
the force due to frequency-dependent bias. This makes sense since assortative 
mating decreases the probability that the correlated models will be characterized by 
different cultural variants. In the extreme case when r ■ 1. the correlated models 
are exactly the same. This means that sets of models can have at most two different 
models, and frequency-dependent transmission can have no effect. In general the 
more variability that exists in sets of models the stronger the force of frequency- 
dependent bias. Positive assortment weakens frequency-dependent bias, and nega¬ 
tive assortment strengthens it. 

Finally, these results can be generalized to allow more than three models. 
Assume that there are n models and that each model has an equal weight, 1/n. As 
usual, we assign the ith model a nurocncal value. X,, which is equal to one if he 
is characterized by cultural variant c and is equal to zero if he is characterized by 
d. Finally, we assume that the frequency-dependent bias depends only on the 
number of models that are characterized by a particular cultural variant. With these 
assumptions we can write the transmission rule algebraically as follows: 

Probinaive individual ■ c | j) ■ j/n + D(j) (7.5) 


where 


j-i> 

I • I 

The function D(j) gives the effect of frequency-dependent bias in a set of cultural 
parents with j c individuals. 

It is easy to conceive of a wide variety of different kinds of frequency-dependent 
bias when there are more than three models. For example, naive individuals might 
be predisposed to imitate traits which characterize an odd number of their models. 
More plausibly, naive individuals might be predisposed to imitate the most com¬ 
mon type as long as it is not too common, but beyond a certain frequency, they 
imitate the rare type. Here we want to restrict attention to the two simplest cases, 
common type favored, or “conformist transmission.*' and rare type favored, or 
“nonconformist transmission." Lumsden and Wilsoo (1981) consider models which 
include more complex frequency-dependent effects. Conformist transmission re¬ 
quires that D(j) » 0 for j » n/2 and D(j) « 0 for j * n/2, and nonconformist 
transmission requires the reverse. To focus on the effects of frequency-dependent 
bias we also assume (1) that there is no random variation, so that 
D(n) - D(0) - 0, and (2) that there is no direct bias, so that D(j) - D(1 - j). 

With these assumptions it is shown in Box 7.4 that n-model frequency- 
dependent bias has properties that are very similar to the three-model case. Con¬ 
formist transmission increases the frequency of the variant w ith the higher fre¬ 
quency. and nonconformist transmission increases the frequency of the variant that 
is in lower frequency. In both cases the magnitude of the force approaches zero as 
p approaches 1 , J. or 0. 
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Box 7.4 With random mam 
individuals, given chat the fr 

MiiiP) - - pr* 


Thus Che frequency of c after tr 

>' - i (j/> * 


probability of forming a set of parents with j c 
7 of c is p. M< j | p). is 


P. » 


f - t ♦ i du>(')(*i - pr 1 

Let k - o/2 4- | if n is even and k - (n ♦ l)/2 if ■ is odd. Then we can rewrite 
this equation as follows: 

p' - p ♦ i wd(')p^i - tr -' * ». - j)( t ' Jp^i - p>- 
And lince D(J) ■ -D(n - j) < 0. it folio*, dim 
p' - p +1 wj)(‘)[p , « - tr-' - p-ti - p»i 

First consider conformist transmission Then D< j) > 0 for j > k. Thus the frequency 
ot c will increase whenever l^p >^ | /2 and will decrease whenever I /2 > p > 0. 

It would be interesting to know if there are any circumstances in which individuals 
who acquire their behavior via frequency-dependent bias will have higher fitness on 
the average than individuals who utilize a cultural transmission role without the 
conformist effect. One such situation may exist when a population is subdivided 
into a number of subpopulations in which different behaviors arc favored by 
selection. In such subdivided populations, migration between subpopulations will 
often maintain cultural variation in each subpopulation. In many cases, however, 
the variant favored by selection, guided variation, or direct bias in a particular 
subpopulation will also be the most common variant. Under these conditions, 
conformist transmission is a simple general rale that increases the probability that 
an individual will acquire the locally favored variant. 

In this section we analyze the evolution of frequency-dependent bias in a spa¬ 
tially varying habitat, proceeding much as in earlier chapters. Fust, we describe and 
analyze a simple model in which alleles at a genetic locus influence the extent to 
which cultural transmission is characterized by frequency-dependent bias. Then 
this model is embedded in a spatially varying environment. We will see that there 
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are a range of plausible environments in which alleles causing cultural transmission 
to be subject to frequency-dependent bias will replace alleles leading to unbiased 


A model of the genetic modification of frequency-dependent bias 

Consider a large population of individuals, each of whom is characterized by one 
of two cultural variants, c and d. We assume that this trait is acquired via oblique 
cultural transmission from three models and that the members of the set of models 
for each naive offspring are drawn randomly from the individuals present in each 
subpopulauon. As indicated earlier in this chapter, we believe that much more 
general models will have the same qualitative properties. Also, suppose that each 
individual is characterized by one of two genotypes, e and f. Individuals with 
genotype e are characterized by an unbiased transmission rule Individuals with 
genotype f are characterized by a rule with frequency-dependent bias as shown in 
Table 7.1. Genetic parents are also drawn at random from the population as a 
whole. 

With these assumptions there are four kinds of individuals, ec. fc. ed, and fd. 
The frequencies of each of these kinds of individuals in the pool of cultural parents 
are F„. F*. F*. and F* The frequency of the cultural variant c among models 
(F« + F k ) is p. and the frequency of the genotype e among parents (F* + F«) is q. 
The frequency of each of these kinds of individuals after transmission is 

F; - qlp + DpG - pX2p - l)J 

F i - 0 - q)p (7 6) 

F^-qll - p - Dpil - P M2p - I)] 

Fi-(l -qXl -p) 

Next, suppose that the probability that c individuals become parents (either genetic 
or cultural) is W,. and the probability that d individuals become parents is W 4 . it will 
be useful to let the ratio W t /W 4 - 1 + s. Then, the frequency of c among cultural 
parents, p". is 


p- - (I + t>|p + qDp(l - pX2p - 1)]/W (7.7) 


where 


W ■ I + s|p -* qDpfl - pX2p - 1)| 

The properties of this recursion will be clearer if we assume that selection and 
biased transmission are so weak that terms of order s 1 . sD, and D 2 can be ignored. 
Under this assumption 

(7.8) 


p'-p + pd - P>U + qD(2p - 1)] 
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The net effect of frequency-dependent transmission and selection depends on the 
sign of the term, s + qD(2p — 1). By hypothesis, selection favors variant c, which 
means that s > 0. The effect of frequency-dependent bias depends on the signs of 
D and (2p — 1). If transmission is conformist (D > 0). then transmission tends to 
increase p if p > $ and decrease it if p < j. This means that if p > j, the net effect 
of selection and conformist transmission always is to increase p. On the other hand, 
if p < j, the net effect of the two forces depends on the relative magnitudes of qD 
and s. If transmission is nonconformist (D < 0). then the net effect of the two 
forces always increases p if p < i When p > J, the direction of the force again 
depends on the relative magnitudes of qD and s. For a given nonzero value of q, 
this recursion has three equilibria, p ■■ 0, p ■ 1, and p ■ $(1 — s/qD). The 
internal equilibrium can be stable only if D < 0. 

The frequency of the bus genotype e among genetic parents is 

q- - q{l ♦ sp + sDpfl - pX2p - 1)J/W (7-9) 

To better interpret Equation 7.9, assume that selection is weak Then 7.9 
simplifies to 

q" - q + q(l - q)s,(p) (7-10) 


where 


«. - >Dp<l - pM2p - I) 

The term s, is the effective selective advantage of the bias genotype as a function 
of the frequency of the cultural variants. The form of s, is shown graphically in 
Figure 7.2. The bias genotype will increase if (a) D > 0 and j < p < I or (b) 
D < 0 and 0 < p < J. In other words, conformist transmission is always favored 
by selection if the favored cultural variant is more common than the alternative 
variant; nonconformist transmission is favored if the favored cultural variant is rarer 
than the alternative variant. 



Fig. 7.2 The effective selective advantage (s.) of a genotype exercising frequency-dependent 
bias relative lo aa unbiased genotype as a function of the frequency of the favored cultural 
variant in die population (p). 
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In a temporally and spatially uniform environment, frequency-dependent bias 
cannot be important in the long run. If D > 0. the only possible stable equilibrium 
values of p are zero and one. and at these values frequency-dependent bias can have 
no effect, beneficial or deleterious. If D < 0. then a stable internal equilibrium 
value for p is possible. However, consideration of the complete set of two recur¬ 
sions shows that the bias genotype will decrease in frequency. These facts suggest 
that we consider a spatially varying environment. 


Frequency-dependent bias in a spatially varying environment 

Suppose that a very large population of individuals is subdivided into n large 
subpopulations. As in the previous section, each individual is characterized by one 
of two culturally transmitted behaviors, c and d. and one of two genotypes, e and 
f. The frequency of c individuals among models just before cultural transmission 
in the ith subpopulation is labeled p. and the frequency of the bias genotype, e. 
among parents in the ith subpopulation is <}. We suppose that in the ith sub- 
population W c /\ty - I + s,. where s, can be either negative or positive. This 
means that the cultural variant c is favored in some habitats but not in others. We 
have gone to the trouble of using a model with more than two subpopulations 
because it will be useful when we come to investigate the effect of selection among 
subpopulations later in this chapter. 

Let p, be the frequency of the cultural variant c in the ith habitat. Then, using 
the results of the last section, the frequency of c after transmission and selection in 
the ith subpopulation is 

pr - 0 + m* + <idwi -pj<2p,- i)i/w am 

where 

- I + sJfA + - pX2p - I)] 

The frequency of genetic variant e in the ith subpopulation is 

q; - 4.H + Vi ♦ M>pi<l ~ pX2p, - l)J/^ (7.12) 

After selection some individuals emigrate. Each individual has a probability 
(I - m) of remaining in his natal subpopulation to reproduce and a probability m 
of emigrating. The individuals who emigrate have an equal probability of settling 
in each of the n subpopulations, including the one they just left. Some density- 
dependent process regulates the size of each subpopulation so that each sub¬ 
population contributes an equal number of individuals to the pool of migrants each 
generation. Given these assumptions, the frequency of c individuals in the ith 
subpopulation after migration, but before transmission, pr, is 

pr - (i - m>p: + (m/nj^p; (7.13) 

i * • 


for i - l t . . ..n 
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In Box 7.5, we show that the equilibrium frequency of c individuals in the ith 
subpopulation, A, must satisfy the following conditions: 


p-fr, <-L=J”> jfi'-tt -+4P.<%.- (7. M , 

of c individuals in the whole population 


at equilibrium, that is, 


p-0/n)2> 


(7.15) 


i- 


Similarly, the frequency of the conformist genotype in the ith subpopulation after 
migration is 


qr - (I - m)qr + (m/n)£q; 

I • * 

and the equilibrium frequencies of the genotype e. q,. must satisfy 


a 16) 


, . 4 - "SJZl a 


17) 


Now, suppose that the population is fixed for the unbiased genotype. (This is an 
equilibrium since the second term on the right-hand side of 7.17 is zero in every 
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subpopulation) To determine whether the conformist genotype can increase, we 
need to calculate the equilibrium frequency of c in the various subpopulations, 
pi,. . ..p,. The right-hand side of 7.14 defines a function of p,. f(£,) which is plotted 
in Figure 7.3. Equation 7.14 says that the ith subpopulation will be in equilibrium 
if p - f(Pi). In general, p will also be a function of p,. If. however, we assume that 
there are a large number of subpopulations. then the average frequency of c 
individuals in the whole population, p. will be approximately independent of the 
changes in the frequency in any subpopulation. Thus, for any given value of p, say 
ft, the equilibrium frequency of c in the ith subpopulation. p,. can be determined 
graphically by finding the intersection of ftp,) and the line p = ft. 

So far the presentation has been fairly general Now we make the special 
assumption that p - O.S. (This would occur if on average c and d arc equally likely 
to be favored by selection and if the distribution of initial frequencies of c in the 
subpopulations satisfies certain conditions.) With this special assumption, it is easy 
to show that conformist transmission is adaptive. In Figure 7.3a the form of f(P> 
is plotted assuming thatD-0andiha(s,<0. The latter assumption means that 
d individuals are favored by selection in subpopulation i Notice that p < 0.5, that 
is, at equilibrium the favored trait is more frequent Moreover, this must be true in 
every subpopulation. Thus, according to Equation 7.11, the conformist genotype 
will increase in every subpopulation. This makes sense since offspring who acquire 
their behavior via a conformist cultural inheritance rule have a higher probability 
of acquiring the trait favored by selection than offspring who utilize a linear rule. 
Thus selection should act to increase D. 



Fig. 7.3 Graphs of the funcooo flp,) for three values of D. assuming thai the frequency of 
variant c in the metapopulauon. p. is 0.5. Equilibria occur whenever flpj - 0.5. Thus, when 
D - 0 (a), or when D is small (b). there is only one possible equilibrium in each subpopulation. 
When D is Urge enough (c). there are three equilibria, p.. p>. and p. 





ffhi 




220 Frtqutncy -depcmieni Bhu 


P.. which we will label p,. p,. and p. The ccrural equilibrium, p*. is unstable, and 
the other two equilibria are stable. Id subpopulations at equilibrium, at p, selection 
will continue to favor increased values of D; however, in subpopulations at equi¬ 
librium at pc, selection will favor decreased values of D. It is unclear under what 
conditions selection will continue to increase D. 

It would be of interest to sec if selection would continue to favor frequency- 
dependent bias when p * $ and when there are three equilibria. To investigate these 
questions we have performed a number of computer simulations of the recursions 
defined by 7.11 and 7.12. These simulations suggest that the results derived above 
generalize to these more general cases (see Fig. 7.4). Selection continues to in¬ 
crease D when P * i and when D is large. 

This model illustrates what we believe is an important general property of 
conformist transmission. In spatially varying environments, it can serve as a sim¬ 
ple. generally applicable rule that increases the probability that individuals acquire 
traits that are favored in the local habitat. The forces of guided variation, directly 
biased transmission, and natural selection will act to increase the frequency of the 
favored cultural variant. However, migration from habitats in which other variants 
are favored will tend to reduce the frequency of the locally favored variant. These 
forces may often result in an equilibrium in which the locally favored variant is the 
most common variant. When this is true, individuals who have a tendency to 



GENERATIONS 

Fig. 7*4 The frequency of the frequency-dependent bias alkie is plotted against lime for three 
km of parameter values In each case m - 0 05. s - 0.1. and D - 0.23. In (a), cultural 
variant c was favored in half of the subpopulations and d in the ceher half. In (b). cultural variant 
C was favored in one-foufth of the subpopulations and d in the other three-fourths In (c). c was 
favored in one-eigbth of the subpopulanoos. In each cut the frequency of the bias allek 
eventually converged to ooe. 
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acquire the most common variant would also have an improved chance of acquiring 
the locally favored variant. 


Frequency-dependent bias and quantitative characters: An analogy with 
robust estimators 

We believe that this advantage of conformist transmission is likely to generalize to 
a wide variety of other models. A consideration of a quantitative model of con¬ 
formist cultural transmission provides two different kinds of evidence supporting 
this claim. First, we show that conformist transmission of a quantitative character 
is also adaptive in a spatially varying environment. Second, the quantitative model 
demonstrates that conformist transmission is analogous to the use of what statisti¬ 
cians call “robust estimators." Robust estimators are widely useful in statistics 
when data are “contaminated,’’ that is, when some of the observations have been 
generated by processes other than the ooe of interest. We think it plausible that 
conformist transmission is useful in a wide range of variable environments for 
similar reasons. 

Two models are very unlikely to be characterized by exactly the same cultural 
variant of a quantitative character, and therefore naive individuals cannot literally 
adopt the more common variant. This means that we must generalize our notion of 
conformist transmission. Suppose that the distribution of the cultural variant in the 
population is unimodal as is shown in Figure 7.5a. Then, as is shown in 7.3b, in 
a typical set of models, those models with the biggest and smallest cultural variants 
will tend to be drawn from the tails of the distribution, while those with inter¬ 
mediate variants will tend to be drawn from its center. This suggests that in the case 
of quantitative characters, a conformist transmission rule should be biased against 
those models whose trait values are the most extreme and in favor of models whose 
trait values are intermediate. 

A wide variety of such transmission rules are conceivable. Here we will consider 
one very simple example, a “tnmmed mean” rule. Suppose each naive offspring is 
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FI*. 7.5 (a) The diun button of individual* in a Urge population as a function of values of a 
quantitative cultural trait, (b) A representative example of a set of six models drawn from such 
a large population 
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exposed lo five models with equal intrinsic weights. As before, the ith model is 
characterized by a cultural variant with value X,. The naive individual estimates the 
cultural variant of the ith model to be Z,. With blending inheritance, we assumed 
that a naive individual simply adopted the average of the Z, as his own cultural 
variant. We now suppose that the naive individual ranks the models according to 
their values Z,, "throws out” the models he estimates have the smallest and the 
largest cultural variants, and then adopts the average of the remaining three models 
as his own cultural variant. Naive individuals, in effect, adopt the 20 percent 
trimmed mean of the Z, as their own cultural variant. 

First, let us consider the force generated by this transmission rule, assuming that 
the distribution of cultural variants in the population is normal with mean X and 
variance V. Because the trimmed mean is a widely used statistical estimator, its 
properties are known in this case (Tukey and Mostcller, 1977). The mean value is 
not changed by transmission, and the variance after transmission is reduced by a 
factor of approximately (l/n)|2/w + (I - 2(0.2))(l - 2/w)J. Notice that the 
reduction in the variance is not quite as great as in the blending case. Finally, as 
the number of parents increases, the distribution of cultural variants in the popu¬ 
lation becomes approximately normal. If we assume that (I) random variation, 
measured on some scale, is approximately normally distributed, (2) there is no 
migration from other habitats, and (3) there are a modest number of models, say 
3-10, then it is reasonable that the culturally transmitted trait will be distributed 
normally at equilibrium. Under these conditions simple blending inheritance should 
be favored over the trimmed mean rule because it will have a smaller variance at 
equilibrium. 

Next, suppose that models are drawn^from two normal distributions with the 
same variance, V, but different means, X ( and Xj. Models arc drawn with proba¬ 
bility m from distribution 2 and probability 1 - m from distribution I, where 
m < J. Notice that the mean of this compound distribution, X', is simply 

X' - X,(l - ml + X,m (7.18) 

These assumptions are meant to approximate the case in which a fraction m of the 
models are immigrants from another habitat. We have computed the effect of 
conformist transmission using Monte Carlo methods, and the results are shown in 
Figure 7.6. They indicate that £1) the mean of the population after transmission is 
intermediate between X ( and X', (2) the variance is reduced, and (3) the third 
moment of the distribution is quite small. These results suggest that the trimmed 
mean rule should be favored relative to a blending rule in a variable environment 
because naive individuals with the trimmed mean rule would on average acquire a 
cultural variant closer to the local optimum than offspring who used a blending rule. 

The trimmed mean is but one of many robust estimators of central tendency 
(Andrews et al., 1972; Tukey and Mosteller, 1977). All of these estimators are less 
sensitive to outlying observations than is the ordinary arithmetic mean This prop¬ 
erty of robust estimators is useful when (I) data are drawn from a "thick-tailed" 
distribution, such as the chi-squared distribution, or (2) data are drawn from a 
normal distribution that is contaminated by data drawn from another distribution 
with a different mean or a larger variance. 
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Hg. 7.6 The effect* of conformist trinumuion exercised on a quantitative trait by a 20 percent 
trimmed mean rule m u the migratioi rate. In the caae of complete mixing (m - 0.3). the mean 
after transmission move* population I to the mean of populations I and 2 . and the conformity 
rale has no effect. At intermediate migration rates, the rak tends to return population 1 back 
toward iu premigration value. X t . 

It is reasonable to suppose that the combination of migration and a spatially 
variable habitat will often cause the distribution of cultural variants in a population 
to be a contaminated normal distribution. When this is true, both the theory of 
robust estimators and our Monte Carlo result suggest that some kind of conformist 
rule will be favored. On the other hand, it is also reasonable to suppose that the 
distribution of cultural variants will often be approximately normal. In this case, a 
blending rule will be favored. However, simulation studies of the properties of 
various estimators (Andrews et al., 1972) have shown that robust estimators like 
the trimmed mean are only slightly inferior to the arithmetic mean for normal 
populations, and they are much better for contaminated or thick-tailed distributions. 
This suggests that averaged over a wide variety of situations, a conformist rule like 
the trimmed mean would be superior to a linear blending rule. 

Empirical Research on Conformity 

We have argued that conformist transmission, a form of frequency-dependent bias, 
is adaptive in spatially varying habitats because it provides a simple and generally 
applicable rule that increases the chance of acquiring locally adaptive behaviors. Is 
there any evidence that human cultural transmission is actually characterized by a 
conformist effect? Social psychologists have devoted much effort to studying the 
effect of conformity on the acquisition of beliefs and attitudes. (See Keisler and 
Keisler, 1969, for a review.) Unfortunately, most of this research does not clearly 
distinguish between the homogenizing effects of any kind of cultural transmission 
and the special effects of conformist transmission as we have defined it. None¬ 
theless, it will be useful to briefly review this work for several reasons. First, it is 
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important to understand why what psychologists have called conformity is not 
identical to what we have defined as conformist transmission. Second, some of this 
research suggests that conformist transmission exists. Finally, we think that these 
experimental methods could easily be modified to determine whether human social 
learning is regularly characterized by a conformist effect. 

The seminal experiments of Sherif (1935) provide a good example of the experi¬ 
mental method that psychologists have used to study conformity. Sherif’s experi¬ 
mental protocol uses an optical illusion known as the “autokinetic effect." When 
people are placed in a darkened room and shown a stationary pinpoint of light, the 
light usually appears to be moving. In Shenf’s experiments, several individuals 
were placed in a darkened room and shown a spot of light. One of these individuals 
was the real subject, and the others were Sherif's confederates. The real and 
counterfeit "subjects” were asked to estimate the distance that the light had trav¬ 
eled. The real subject gave his answer after all the confederates, who were in¬ 
structed to give estimates very different from the usual estimates. Sherif, and other 
researchers after him. found that the estimate given by the real subject tends to be 
very close to that of the confederates, no matter how inaccurate theirs might be. 
That is, the subjects' opinions conform to those of the majority. 

Sherif’s technique is unusual in that he used a fairly ambiguous estimation task. 
In most of the work in this area, the naive subject is put in a situation in which there 
is a sharp contrast between his own perceptions and the slated estimates of the 
confederates. For example. Asch (1951) asked individuals to judge which of three 
obviously different lines matched a fourth line which was exactly the same size as 
one of the first three. The confederates chose one of the lines that did not match. 
A sizable fraction of the subjects conformed to the opinion of the majority in this 
experiment as well. 

There are two different ways to understand these kinds of results. Some psycho¬ 
logists have argued that the subject is merely publicly complying with the opinion 
of the majority, while privately maintaining his own opinion (Keisier and Keisler, 
1969). Others think that the subject is genuinely unsure and uses the opinion of 
others as a guide. In the second view, the results of Shenf and others are evidence 
of the importance of social learning in adults (Thelen et al., 1979). It seems likely 
that both effects are important. We would hypothesize that experiments like those 
of Asch, in which the choice of confederates is obviously at variance with the 
experience of the subject, probably represent public compliance, while experiments 
like those of Sherif, in which the judgment task is ambiguous, are more likely to 
represent the effects of cultural transmission. 

Some of the best evidence that Sherif’s results represent the effects of cultural 
transmission comes from an experiment conducted by Roher et al. (1954). The 
members of two groups of subjects were individually placed in darkened rooms and 
shown a moving light. In one group the light actually moved 2 inches; in the other 
it moved 8 inches. On average, individuals in the first group estimated a substan¬ 
tially smaller distance than individuals in the second group. Then pairs of individ¬ 
uals. ooe drawn from each group, were placed together in a room with a stationary 
light and asked to repeatedly estimate the distance that the light traveled. As Table 
7.4 shows, the mean values estimated by the two groups converged toward the 
mean of the two values—exactly what one would expect if the process were 
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Table 7.4 Results of an experiment by Rober et al. (1954) showing the mutual 
socialization of individuals drawn from different training regimes for an 
ambiguous task 





2 in. Training 

8 in Training 

Alone 

3.08 

8 74 

Together 

629 

641 

1 Year Laier 

5.50 

509 


governed by linear horizontal transmission. One year after the original experiment, 
subjects were retested individually; as is shown by the table, the estimates formed 
by the cultural transmission process seemed quite stable. 

In this experiment there is no “majority" to conform to—individuals modify 
their estimates when exposed to others and then retain the modified judgments for 
at least ooe year. 

These experiments on conformity do not provide good evidence that conformist 
cultural transmission exists To demonstrate it. ooe would need to show that there 
is a nonlinear effect of numbers of confederates on the acquisition of belief. The 
numbers of confederates have been varied in several of the studies, but the results 
are quite ambiguous. Moreover, in most cases the experimental protocol was like 
Asch's. In such experiments it is easy to imagine that what is being observed is 
public compliance rather than the acquisition of a new belief through cultural 
transmission. 

The only evidence we know of that conformist transmission exists comes from 
an experiment performed by Jacobs and Campbell (1961). They formed 
“micro-societies" of two, three, or four individuals. During the first "generation" 
there were one or two real subjects in each society, and the remainder were 
confederates. Each society was subjected to the Sherif protocol described above. 
Then, during the next generation, one of the confederates was removed and re¬ 
placed by a real subject. This process was repeated until all of the confederates were 
removed; from then on, in each generation a subject was removed and replaced with 
another subject. The experiment continued for eleven "generations." 

Jacobs and Campbell began with the hypothesis that arbitrary traditions could be 
perpetuated by social transmission. Their results (see Fig. 7.7) did not support their 
hypothesis. In each experiment the mean estimate of the distance traveled by the 
light decreases from the initial estimate given by the confederates to a stable, 
constant value. Most of these results seem consistent with a model of transmission 
plus relatively weak guided variation. For some reason, individuals left alone tend 
to estimate the distance traveled at a stable value of 4 inches. In the micro-societies, 
they inherit the views of their cultural parents and then modify them according to 
their own judgments. Thus, the mean estimate moves a small distance toward the 
value favored by individual decision making, 4 inches. Repealed over many gener¬ 
ations, this process causes the mean to converge to a stable value of 4 inches. 

One of the experimental treatments used by Jacobs and Campbell suggests the 
existence of conformist transmission. Compare the results shown in Figure 7.7a 
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with those in Figure 7.7b. In the former the micro-society was begun with two 
confederates and one naive subject. The real subjects' average estimate of the 
distance that the light moved was 14-15 inches, very close to that of the confed¬ 
erates. This result contrasts with that shown in Figure 7.7b. Here the group was 
begun with a single confederate and two subjects. In this case, the subjects’ initial 
estimate averaged about 8 inches, substantially below that of the confederate One 
way to interpret this result is that there is a nonlinear effect of numbers; subjects 
are disproportionately influenced by a majority of two compared to a minority of 
one. 

Clearly this single result is inconclusive. It is possible to provide other sensible 
interpretations. However, this experimental protocol could easily be used to deter¬ 
mine whether conformist transmission is acting in this situation. One would need 
to begin societies with a wider range of combinations of subjects and confederates. 
For example, using societies of five and six individuals, the experimenter could 
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vary the initial number of confederates from zero to four and zero to five. The effect 
of the confederates on the estimates of the subjects could be estimated and the 
existence of a nonlinear effect of numbers confirmed or rejected. Jacobs and 
Campbell's protocol is especially useful because the use of several generations 
amplifies the effect of weak forces, making them easier to detect. 


Conformist Transmission and Cultural Group Selection 

In this section we argue that the models of frequency-dependent bias developed so 
far in this chapter provide an attractive explanation of the otherwise puzzling fact 
that humans engage in self-sacrificial cooperation in large groups. We begin by 
defining the problem cooperation presents to theories that posit a selfish human 
nature. Next, we briefly outline why many biologists believe that evolution should 
have led to a selfish human nature Then, we show that one of the by-products of 
conformist frequency-dependent bias is an increase in the strength of the group 
selection of cultural variation so that it may be a strong force relative to forces 
acting within groups, such as direct bias and natural selection. Since selection 
between groups may favor beliefs and attitudes which benefit the group at the 
expense of the individual, this provides an explanation for human cooperation. 
Conformist transmission may be favored by natural selection even though it has this 
deleterious effect for individuals, b ec a us e it increases the chance of acquiring 
locally adaptive cultural variants in a heterogeneous environment. 



Throughout this chapter, we assume that social cooperation entails the production 
of what economists call "public goods" and that in large groups, rational selfish 
individuals will not voluntarily cooperate to produce public goods. A rational, 
self-interested individual seeks to maximize his own personal welfare and is indif¬ 
ferent to changes in the welfare of others (except perhaps his genetic relatives). 
Public goods are characterized by two features, "jointness of supply" and lack of 
"exclusiveness." Jointness of supply means that the consumption of a unit of the 
good by one individual does not reduce the amount of the good remaining for others 
to consume a full unit. This is doc true of an ordinary good such as gasoline. When 
someone bums a gallon of gasoline, that reduces the supply of gasoline available 
for others by one galloa. In contrast, someone's “consumption" of a public good 
like clean air or public safety does not affect the amount of this good available to 
others. Lack of exclusiveness means that once a public good is produced it is 
difficult to prevent other members of the group from benefiting by it. 

Many of the fruits of social cooperation are public goods. The modem slate 
provides law and order within its boundaries and protection from attacks by other 
countries; labor unions provide higher wages and cartels higher prices. In each 
case, large groups of unrelated individuals cooperate to pursue a common goal. The 
achievement of these goals leads to benefits that flow to all members of the group 
without regard to their contribution. 
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Cooperation anti Ike paratioxical mature of utj-interest 

Most economists believe that rational, selfish individuals will not voluntarily invest 
in the provision of public goods in large groups, except in special circumstances 
(Buchanan. 1968; Olson, 1971; for a contrary view see Taylor. 1976). To see why. 
consider the following hypothetical example. First, suppose that two pastoralists. 
Fete and Rob, quarter their identically sized herds together each night in a given 
meadow. The animals must be guarded to prevent losses to predators. We suppose 
each pastoralist has two alternatives: either he guards the herd (labeled c, for 
cooperate) or he does not (labeled d. for defect). Hie reduction in losses to the 
entire herd due to a single pastoralist s efforts at guarding are assumed to be and 
the cost of guarding I. The payoffs to Pete are shown in Table 7.5. Suppose that 
the benefits of guarding the herd exceed the cost; this means that & > 1. Even if 
this is true, Pete will not be motivated to guard the herd unless 5R/2 > I. If 
&/2 < I, Fete is better off not guarding whether or not Rob guards (since $/2 < I 
implies that &/2 - I < 0). Rob faces a similar matrix of payoffs. He will not 
guard if 91/2 < I. and the result is that both will achieve a payoff of zero. This is 
true even though both would be better off if they both guarded. Readers acquainted 
with game theory will recognize this situation as the Prisoner’s Dilemma. 


Table 7.5 Payoffs for two pastoralists who may guard (c) or not guard (d) their 
jointly pastured herd 



Rob'* Behavior 

Pete'* Behavior 

r d c 

<1 

0 a /2 

c 

91/2 - 1 91 - I 


Now let us generalize this model to a group of N pastoralists. Each pastoralist 
who chooses c reduces the predation losses of the entire herd an amount and pays 
a coat I. The payoffs to Pete assuming that M pastoralists choose to guard the herd 
are given in Table 7.6. Pete's choice in the N person case is similar to the two- 
person case. As long as fc/N < I. Pete achieves a higher payoff by defecting no 
matter what the other members of the group choose Since each member of the 
group faces the same choice, the outcome will be that no one will guard the herd. 
Notice that if N is large, this may occur even though the aggregate benefits that 
result from guarding the herd could be many times higher than the aggregate costs. 
Because of this logic, groups of rational, selfish individuals may forgo actions that 
would be extremely beneficial to every member of the group. The fact that the 


Table 7.6 Payoff schedule for a pastoralist who may guard (c) or not guard (d) a 
joint herd when M of the N other owners guard 



Payoff to Pete 

Pete's Choice 

if M Others Guard 

d 

*U/N) 

c 

♦ l)/N - 1 
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temptation to defect will tend to increase as the size of the group increases makes 
it especially difficult to explain patriotism or etknocentmm as ike restill df fllidflll 
self-interest. 

This very simple model has been extended in a variety of ways by political 
scientists and economists interested in public choice. (For a recent survey of this 
literature see Hardin. 1982.) Perhaps because voluntary provision of public goods 
is so widely observed, many of these authors have searched for, and found, special 
conditions that can lead to cooperation (e.g. Hirshleifer, 1983). Nonetheless, on 
balance the public choice literature suggests that voluntary provision of public 
goods should be rare. Here we will consider only two of these extensions, the 
punishment of noncooperators and repeated interactions. 

The effect of coercion. It might be argued that individuals cooperate in order to 
avoid punishment by other members of their own group. This notion seems plau¬ 
sible based on common experience. However, it does not solve the theoretical 
problem; it only raises the new problem of why individuals should cooperate to 
punish other individuals. To see this, suppose that the pastoralists have the oppor¬ 
tunity to punish others who did not guard the herd Suppose that each punisher 
punishes one defector and that the cost of being punished is S. Then, on average, 
punishment will reduce the payoffs of defectors an amount 30/(N - .41), where 
3C is the number of punishers and N - M the number of defectors Finally, assume 
that the cost of punishing is 9. Then the payoffs for each of Pete’s possible choices 
of behavior are given in Table 7.7. 


Table 7.7 Payoff schedule for a pastoraiist with the possibility of punishment for 
not guarding 


Pete's Choice 


Payoff lo Pete Assuming 

M Others Guard and X Others Punish 

Guard but 
don’t punish 

c/n 

&(M+1)/N - I 

Guard and 
punish 

C/P 

9t(Jl+l)/N - 1 - 9 

Don’t guard and 
don’t punish 

d/o 

*(M/ N) - aX/(N-A() 

Don’t guard 
but punish 

d/p 

9tMC/N) - 9<X+I)/(N-A) - 9 


There are two things to notice about these expressions. First, it is clear that if 
enough members of the group choose to punish. Pete will be better off if he 
cooperates. However. Pete is always worse off if he chooses to punish. Thus, it is 
irrational to punish. Since all the members of the group face the same choice, no 
one will punish, but this means that there is no reason to cooperate. In essence, 
punishment itself is an investment in the production of another public good, the 
amount of cooperation in the group. Each potential punisher can have only a small 
incremental effect on the number of cooperators, and again, the cost to the individ- 
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ual participating in the punishment of another could be substantial. The rational, 
seltish individual would let the other guy do the punishing. 


Repealed interactions and reciprocity. Some authors (e.g. Trivers, 1971; FI inn and 
Alexander, 1982) have asserted that repeated interactions among a large but finite 
group of rational, selfish individuals may lead to voluntary cooperation via reci¬ 
procity. This assertion is not supported by existing theoretical results. The theory 
of the repeated interaction of pairs of individuals is fairly well developed (Shubik, 
1970; Taylor, 1976; Axelrod. 1980, 1984; Axelrod and Hamilton. 1981). These 
studies indicate that selection can favor the evolution of reciprocal strategies which 
lead to cooperation. The theory of repeated interactions in larger groups is much 
less fully developed. The best study (Taylor. 1976) indicates that repeated inter¬ 
actions can lead to cooperation, but that the reciprocal arrangements arc complex 
and seemingly quite delicate, and that these difficulties increase as group size 
increases. Given that humans often do cooperate in very large groups, it would 
seem useful to pursue ocher possible explanations. 


Group selection and ike evolution of cooperation 

One way to explain the evolution of altruistic cooperation in the human species is 
to imagine that group selection (acting on genes which affect behavioral pro¬ 
pensities) is an important force in human evolution. Group selection occurs when¬ 
ever the fitness of an individual depends on the behaviors of other individuals in a 
local group. In the case of cooperative production of a public good, the fitness of 
an individual depends on the number of cooperaton in the group. If the incremental 
benefit of investing in the public good exceeds its incremental cost (e g. > 1 in 
the example of the last section), then groups with more than the average number 
of cooperaton have higher average fitness. Such groups contribute dis¬ 
proportionately to the next generation, and thus selection among groups increases 
the frequency of cooperation. However, because cooperators have lower fitness 
than other members of their own group, selection within groups decreases the 
frequency of cooperators within each group. Cooperation will increase in the whole 
population only if selection among groups is a stronger force than selection within 
groups. 

The strength of selection among groups depends (among other things) on the 
amount of genetic variation that exists among groups; the more genetic variation 
among groups, the stronger the force of group selection. If all groups have the same 
frequency of cooperators, or if the differences do not have a genetic basis, selection 
cannot act to increase the frequency of cooperative genotypes. Genetic variation 
among groups is created by sampling error caused by finite populations (genetic 
drift) and the process of creation of new groups. Variation is destroyed by selection 
within groups, selection between groups, and migration among them. 

Models of group selection can be conveniently divided into two classes (Wade, 
1978b) based on the processes which create and maintain variation among groups. 

1. In "intrademic'' group selection models, groups are assumed to be quite small 
and the amount of migration among groups to be quite large; thus, a large amount 
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of variation among groups is created and destroyed every generation. A variety of 
theoretical studies have shown that intrademic group selection can be effective in 
increasing the frequency of cooperative behaviors if (I) groups are small or (2) the 
process by which groups are formed causes cooperators to be more likely to interact 
with each other than chance alone would dictate (Wilson. 1975. 1977. 1980. 1983; 
Hamilton, 1975; Matessi and Jayakar, 1976; Uyenoyatna, 1979; Wade, 1978a; 
Michod, 1982). 

2. In “interdemic" group selection it is assumed that groups are relatively large 
and that migration among groups is quite small; thus, only a small amount of 
variation is created and destroyed each generation A number of theoretical studies 
suggest that interdemic group selection can be effective only if the process of 
creation of new groups creates substantial vanaiioo. there are large differences in 
the mean fitness of subpopulations, and migration rates are very low (e.g. Eshel. 
1972; Levin and Kilmer. 1974; Maynard Smith. 1976; Slatkin and Wade. 1978; 
Boorman and Levitt. 1980; Aoki, 1982a. 1982b; Crow and Aoki. 1982; see Wade. 
1978, and Uyenoyatna and Feldman, 1980, for reviews). 

Taken together these results suggest that altruistic cooperation in large groups of 
genetically unrelated individuals is unlikely to evolve, liiis deduction is supported 
by the fact that altruistic cooperation among large groups of unrelated individuals 
has not been observed except in the human species (Williams, 1966). If this 
deduction is correct, much of human cooperative behavior is not genetically adap¬ 
tive under contemporary conditions. Modern humans cooperate in very large 
groups with extensive gene flow between them, despite the fact that in theory 
neither intrademic nor interdemic group selection can favor altruistic cooperation 
under these conditions. 

Several authors have argued that group selection was a more important influence 
on human evolution in the past. For example. W. D. Hamilton (1975) argues that 
the population structure that probably characterized food-foraging hominids during 
the middle and late Pleistocene (small, partly isolated groups who exchanged mates 
with their nearest neighbors) was ideally suited to maximizing selection between 
groups. Pierre van den Bcrghe (1981) makes a similar argument. Richard Alex¬ 
ander (1971. 1979a; also see Alexander and Tinkle, 1968) argues that the human 
ability to make weapons greatly increased the amount of intergroup conflict, and 
that such conflict is an especially effective agent of selection at the group level. 
These authors imagine that contemporary humans retain a genetically transmitted 
predisposition to cooperate, even though contemporary human population struc¬ 
tures would not permit either mode of group selection to favor the cooperative 
behavior. 

While these hypotheses are certainly plausible, they are very unattractive (Alex¬ 
ander. 1979a: 222). Since we cannot observe human behavior under late Pleis¬ 
tocene food-foraging conditions, we have very little way of knowing what the 
population structure was like or if it was sufficient to permit the evolution of the 
altruism that these authors envision. Moreover, if the hypothesis is correct it greatly 
weakens the explanatory power of sociobiological theory because we can no longer 
assume that behavior observed in different societies can be predicted by what 
maximizes fitness in the local environment Given these problems it seems reason- 



able to consider an alternative hypothesis based on the dynamics of cultural trans¬ 
mission. 


Conformist transmission and group selection 

The theoretical argument against group selection is based on models which assume 
genetic inheritance. The same conclusions may not hold for culturally transmitted 
traits. We have already seen that conformist transmission can act to amplify differ¬ 
ences in the frequency of cultural variants in different subpopulations. This sug¬ 
gests that selection among subpopulations might be more effective in the presence 
of conformist transmission. In this section we will analyze a model of interdemic 
group selection acting on a cultural trait which shows that this intuition is correct; 
when there is conformist transmission, interdemic group selection can be a strong 
force in determining the eventual equilibrium of the population, even when sub¬ 
populations are arbitrarily large, extinction rates are small, and migration rates are 
substantial. 

We make two modifications to the model of conformist cultural transmission 
presented in a previous section. First, we assume that s». the selection differential 
of the cultural variant c, equals s and is negative in every subpopulation. This 
means that noncooperators (d individuals) are favored by natural selection in every 
subpopulation. Second, we assume that occasionally one of the subpopulations 
becomes extinct, leaving an empty habitat which is then recolonized by individuals 
from the surviving subpopulations. The probability that the ith subpopulation 
becomes extinct during any given generation is assumed to be a monotonically 
decreasing function of the frequency of c during that generation p. labeled <(pi). 
This means that increasing the proportion of defectors in a subpopulation increases 
the probability that the subpopulation becomes extinct. For the present, this ex¬ 
tinction may be thought of as involving the actual deaths of the individuals in the 
extinct population. Later in the chapter, however, we will argue that "cultural 
extinction" need not involve any actual mortality. 

Equilibrium in a single subpopulation. Under what conditions will selection 
among subpopulations be stronger than selection within subpopulations? To answer 
this question we first determine the equilibrium of the population in the absence of 
any extinctions, and then assume that extinctions occur so infrequently that the 
population as a whole reaches equilibrium before the next extinction occurs. Hie 
assumed combination of very large subpopulations and very infrequent extinctions 
weakens the action of group selection, and in genetic models would result in group 
selection's being of negligible importance. Next, we determine if an equilibrium 
composed exclusively of defectors is unstable, so that cooperation can increase 
when rare. 

Suppose that the values of the frequency-dependent bias parameter. D. the 
selection coefficient, s. and the migration rate, ra. are such that the equilibrium of 
the ith population can be determined using Equation 7.14. Further, imagine that all 
of the subpopulations except subpopulation i are at equilibrium, and that the 
frequency in the whole population is p. In this case, the equilibrium of the ith 
subpopulation depends on its initial frequency. If the initial frequency is greater 
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than p,, the unstable “threshold equilibrium," the subpopulation will reach a stable 
equilibrium with cooperators at a high frequency, p. We will refer to such sub- 
populations as “cooperator equilibria.’* If the initial frequency of cooperators is less 
than p,, the subpopulation will achieve a stable "defector equilibrium” with a low 
frequency of cooperators, p*. 

Equilibrium of the entire population . These results about the equilibrium of a 
single subpopulation can be used heunstically to determine the equilibrium for the 
entire population Fust, note that conditions in each of the subpopulations are 
identical. Thus all of the subpopulatioos must be in one or two equilibrium states 
The function ftpj has an internal minimum labeled P 4 and an internal maximum 
labeled P,. If the mean frequency of cooperators, p. in the whole population is 
greater than P € or less than P 4 , then only one stable subpopulation equilibrium exists, 
and therefore all subpopulations must be at the same frequency. Label this fre¬ 
quency p*. Since all subpopulations are identical, the entire population can be in 
equilibrium only if f(p*) - p*. This occurs only for p* - 1 and p* - 0. Thus, for 
P 4 > p the only possible stable equilibrium occurs when the entire population is 
composed entirely of defectors. If R > P > ft. then two stable equilibria are 
possible. We will denote the frequency of vanant c at these equilibria as p^p) and 
p<(P) to emphasize the fact that the equilibrium frequency of c in any subpopulation 
depends on the mean frequency of c in the population as a whole. See Figure 7.3c 
for a graphical illustration of this situation. Let * be the fraction of the sub¬ 
populations that are at the cooperative equilibrium, p,(P) An internal equilibrium 
for the entire population will exist if 

«1MP) ♦ 0 - 4>)p/P) - P (7.19) 

Satisfying Condition 7.19 does not assure that an equilibrium is stable or that it can 
be reached from any particular initial condition. Computer simulations indicate, 
however, that such equilibria are stable once they are reached, and that roost initial 
configurations for which ft > (l/n)I“. ,p > P 4 result in an internal equilibrium of 
the kind described by Equation 7.19. These simulations also indicate that the 
graphical method outlined in a previous sectioo gives very good approximations for 
the values of p, and p*. even when the number of subpopulations is as small as ten. 

Adding extinctions. Now consider the effect of an occasional rare extinction on a 
population that has achieved an internal equilibrium. A proportion 6 of the sub¬ 
populations are assumed to be at an internal equilibrium p, and a fraction (I - <t>) 
are at p 4 . The internal unstable equilibrium is p. The extinction of a subpopulation 
leaves an empty habitat that is colonized by individuals from the other sub¬ 
populations. After extinction and colonization, both the subpopulation and the 
population as a whole will return toward a stable equilibrium. This equilibrium may 
not be identical to the one that existed before the extinction. Suppose a cooperator 
subpopulation goes extinct and is replaced at the new equilibrium by a defector 
subpopulation. This changes the mean frequency of cooperators from p to a slightly 
smaller value. This in turn changes the possible stable equilibria to slightly lower 
values and reduces the frequency of cooperative subpopulatioos after extinction. If 
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a defector subpopulation goes extinct and is replaced by a cooperative one. then a 
new equilibrium is reached, characterized by slightly increased values of these 
quantities. 

The conditions under which cooperation may increase. What is the long-run net 
effect of changes caused by extinctions on the evolution of the entire population? 
The eventual equilibrium in the subpopuiation undergoing colonization is deter¬ 
mined by the frequency of cooperators among the colonizers, p. Let A(x) be the 
probability that p, is greater than x. If p, < p,. then the population will move toward 
a defector equilibrium. If p, > p,. the new equilibrium will be cooperative. Let 
be the proportion of cooperative subpopulations after the extinction. The expected 
value of E{4*}. is given by 

- Ml - *(P.)1 + WpJMpd " 4>)«(Pa)A(p,) (7.20) 


The fraction of cooperative subpopulations may be expected to increase if 


MpO> 


+ (1 - *)*<*) 


(7.21) 


The right-hand side of 7.21 gives the fraction of all extinctions that occur in 
subpopulations in equilibrium at a value p,. Since we assume that the extinction rate 
is a monotonically decreasing function of the frequency of cooperators, this quan¬ 
tity is always less than $. The left-hand side of 7.21 is the probability that a habitat 
recently vacated by extinction will achieve a cooperative equilibrium after re- 
colonization. Thus, if the probability that a cooperative subpopuiation will be 
formed after an extinction exceeds the probability that cooperative subpopulations 
become extinct (for a given value of 6), then the frequency of cooperators in the 
whole population will increase. 

The evolution of the population as a whole depends critically on the magnitude 
of A(p), which in turn depends on the mode of colonization. Recently vacated 
habitats could conceivably be recokwuzed in a variety of ways. The number of 
subpopulations contributing colonizers may vary. The absolute number of col¬ 
onizers might also be small and variable, and colonizers might not represent an 
unbiased sample of the population. We will assume the following model. Let g(j) 
give the probability that a large number of colonizers are drawn at random from j 
subpopulations (j = I,. . .,n). Then for small values of 6. 


A(pJ~g(l>4. (7.22) 

In this case, 7.21 reduces to the following expression: 

*">>§3 < 723 > 

Inequality 7.23 says that cooperators can increase in the population when rare if the 
ratio of the extinction rate of cooperative subpopulations to that of defector sub- 
populations is less than the probability that colonizers are drawn from a single 
subpopuiation. It can also be shown that whenever extinction and recolonization 
make <J> = 0 an unstable equilibrium. 6 = I is a stable equilibrium. 
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It is important to remember that Condition 7.23 requires that D, s, and m be such 
that both cooperative and noocooperative equilibria exist for all values of p. Given 
that this is the case, however, these conditions are nearly independent of the relative 
magnitudes of s and %(pt). Conformist transmission “decouples" the processes of 
individual and group selection near the boundaries <J> = 0 and <t> = I. This will not 
be true for other values of <t». Here A will depend on p, which in turn depends on 
the relative magnitudes of s, D. and m. 

Another remarkable feature about Condition 7.23 is that it depends on the ratio 
of the extinction rates. In conventional models, the strengths of both group and 
individual selection depend on the ratios of survival rates of groups and individuals. 
This difference is important because the probabilities of extinction might be very 
low, and at the same time (he ratio Y(pJ/¥(|fc) might be much less than ooe. For 
example, suppose that the survival rale of cooperative subpopulations is 0.9999 and 
that of noncooperative subpopulations is 0.99. The ratio of the extinction rates is 
0 . 01 , and therefore cooperation will increase if only 1 percent of the empty habitats 
are colonized by a single subpopulation. 

We have been unable to derive general conditions under which the combination 
of conformist transmission and group selection would favor the increase of cooper¬ 
ators. The heuristic argument outlined above suggests, however, that the following 
conditions favor the establishment of cooperators in a population: 

1. The parameters D, s, and m must be such that both cooperalor and defector 
equilibria can coexist when cooperators are rare. This requires that the conformist 
effect be substantially stronger than selection and migration. The formal condition 
is (1 - D/s)78<D/s) > (m/s). 

2. The mode of colonization should lead to a significant probability that col¬ 
onizers are drawn from a single subpopulation. 

3. The ratio of the extinction rates of cooperator and defector subpopulations 
should be significantly less than one. but the extinction rates themselves need not 
be large. 

If conformist transmission is a significant force acting on the frequency of traits 
within subpopulations, and if the mode of colonization is favoraule. group selection 
can increase the frequency of cooperators. This can occur even if extinction rales 
are very low. migration rates are substantial, and subpopulations are very large. 
Without conformist transmission, selection and migration constantly erode the 
variation between subpopulations. We have also shown elsewhere that conformist 
transmission can protect variation between groups against direct biases that favor 
the defector variant (Boyd and Richerson, 1982). Extinction must be frequent 
enough to balance these processes. Strong conformist transmission creates the 
possibility that subpopulations may be maintained indefinitely with a high fre¬ 
quency of cooperators. Whether cooperators then increase depends on the relative 
extinction rates of cooperator and defector subpopulations and the probability that 
recolonized subpopulations achieve a cooperative equilibrium. 

A qualitative interpretation of the model 

The empirical facts of human cooperation do not seem easily reconciled with the 
view that human nature is egoistic. Any alternative view that bolds that humans are 



by nature cooperative roust overcome two related difficulties. First, it roust be able 
to account for the evolution of humans who cooperate on a large scale with 
genetically unrelated individuals. Second, given that individuals belong to many 
different groups with potentially conflicting goals, it must specify with which group 
(or groups) an individual will identify. The model of cultural group selection 
provides one explanation that overcomes both these problems. 

The main requirement of the model is that humans inherit at least some portion 
of the values, goals, and beliefs that determine their choices by way of conformist 
cultural transmission. To explain the evolution of human cooperation, we need to 
account for the evolutioo of a human capacity for culture which is characterized by 
the conformist effect. We have seen that conformist transmission may be favored 
in spatially variable environments because it provides a simple, general rule that 
increases the probability of acquiring behaviors favored in the local habitat. It is 
plausible that averaged over many traits and many societies this effect could 
compensate for what is, from the genes' “point of view." the excessive cooperation 
that also may result from conformist transmission 


Cultural autogamy. To deal with the question of conflicting goals, we must 
interpret the results of our very simple model in terms of the complexity of social 
reality. Under specified conditions, group selection acting on cultural variation 
favors cooperators, individuals whose behavior reduces their own welfare but 
increases the probability that their subpopulation will escape extinction. The key 
defining characteristic of the subpopulation is that it is completely mixed; sets of 
parents are drawn at random from the pool of individuals within it. In contrast, the 
flow of cultural traits between subpopulalioos is restricted, since migration rales are 
less than one. We shall say that the subpopulation is "culturally endogamous." In 
human societies, individuals can belong to many social groupings, of varying sizes 
and purposes, and with varying criteria for membership. Our model suggests that 
humans will engage in behaviors that promote the interests of a particular group as 
a whole only if (1) they acquire behaviors culturally from other members of the 
group via conformist cultural transmission and (2) the group is culturally endog¬ 
amous. These characteristics, taken together, specify the group with which individ¬ 
uals should identify, 

Different social groupings may be culturally endogamous for some trails but not 
for others. For traits that are acquired by young children from members of their 
family, the culturally endogamous group might be very similar to the genetic deme. 
That is, an individual's cultural parents would be drawn from the same social 
grouping as its genetic parents. The culturally endogamous group for a trait ac¬ 
quired disproportionately from parents of one sex may be different from the cul¬ 
turally endogamous group for traits acquired from parents of both sexes. For 
example, suppose that beliefs about what constitutes acceptable behavior during 
warfare are acquired exclusively from males. In patnlocal societies, the culturally 
endogamous group for these beliefs could be very small (so small as to require 
substantial amendments to the model). In the same societies, the culturally endog¬ 
amous group for behaviors acquired from both sexes—for example, language or 
religious beliefs—could be very large. In cootrast. in matnlocal societies, the 
culturally endogamous group might be the same for warfare, language, and re- 
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ligion. For traits acquired as an adult, the culturally endogamous group may be 
different again. For example, many aspects of individual behavior in modem 
corporations, including professional goals, work norms, and beliefs about the 
nature of the product and the marketplace, are acquired culturally from individuals 
who precede them in the firm (Van Maanen and Schein, 1979). For these behaviors, 
the culturally endogamous group may be the firm. Other examples of groups that 
may be culturally endogamous for certain traits include fraternal organizations, 
craft guilds, and. of course, academic disciplines. 

Cultural extinction does not require mortality. When there is conformist trans¬ 
mission. the extinction of a group need not entail the physical death of individuals; 
the breakup of the group as a coherent social unit and the dispersal of its members 
to other groups will suffice. Imagine that the members of an •'extinct" sub¬ 
population are dispersed randomly to all the other subpopulalions. Because the 
members of a subpopulation are either mostly cooperators or mostly defectors, this 
will change the frequency of cooperators in the pool of migrants during the gener¬ 
ation in which the extinction takes place. This will perturb each of the sub¬ 
populations from its equilibrium value, but since each subpopulation is small 
compared to the whole, the perturbation will be small. Each subpopulation will 
reach the same equilibrium that it would have reached if the members of the extinct 
group had never entered it. Intuitively, the dispersal of a group is equivalent to 
extinction because conformist transmission favors the more common variant. Co- 
operators persist in cooperative groups because they are common in those groups. 
If they are dispersed, their numbers will usually be insufficient to cause the fre¬ 
quency of cooperators in defector groups to exceed the threshold necessary to cause 
a change to a cooperative equilibrium, and vice versa. 

To put this in more concrete terms, consider the following hypothetical example. 
Suppose that the cultural trait in question affects the rotation period in a swidden 
agricultural system. Defectors have a cultural variant that causes them to have a 
shorter rotation period. Occasionally, when coupled with especially unfavorable 
weather, this causes a temporary failure of the agricultural system in the entire 
subpopulation. It is unlikely that this would lead to the actual extinction of the 
group. Rather, members would disperse, different families attempting to join other 
groups. In any particular new group, the immigrants form only a small proportion 
of the group, so that, if conformist transmission is important, they will have little 
effect on the subsequent agricultural practices in the group. Clearly, this is only one 
of many patterns of dispersal that might actually take place. Different patterns will 
lead to different outcomes. For another example, involving a reinterpretation of 
Rappaport's (1968) study of the Maring, see Peoples (1982). 

The model suggests that group selection is more effective when vacant habitats 
are recolonized by individuals drawn from a single subpopulation. This model of 
colonization seems plausible in the human case for several reasons: first, in a social 
species in which division of labor and cooperative subsistence activities are im¬ 
portant, it seems likely that a cohesive social unit drawn from a single parent 
population will typically emigrate to colonize empty habitats. Second, even if a 
vacant habitat is colonized by groups that originated in more than one sub¬ 
population, behavioral isolating mechanisms may prevent them from fusing to form 
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a new culturally endogamous group. Finally, warfare may play an important role 
in determining group survival. Defeated groups may be dispersed and replaced by 
individuals from the victorious group. 

Evolution of ethnic cooperation 

One human grouping (hat seems to satisfy the requirements of the model is the 
ethnic group. The flow of cultural traits within the ethnic group is often much 
greater than (he flow between ethnic groups. The model predicts that group selec¬ 
tion acting on culturally transmitted traits will favor cooperative behavior within 
ethnic groups and (uncooperative behavior toward members of other groups. Table 
7.8 lists the traits identified with the syndrome of cthnocentnsm in LcVinc and 
Campbell (1972). in their book. LeVinc and Campbell review the evidence that this 
syndrome is a very common characteristic of human ethnic groups and the theories 
that have been advanced to explain it. The list of behaviors in Table 7.8 seems 
consistent with the predictions of the model. Sanctions against theft and murder 
within the group provide civil order, a public good benefiting group members. This 
contrasts with the lack of sanctions protecting outgroup members. Moreover, 
cooperative behavior typifies interactions between group members, and luck of 
cooperation typifies interactions between members of different groups. Finally, 
individuals are willing to fight and die for their own group in warfare against other 
groups. In recent times, actions on behalf of the ethnic group have often been taken 
in direct opposition to the authority and power of the modem state—witness 
movements for ethnic autonomy in many pans of the world today. It also must be 
kept in mind that the groups in question are often very large. In such large groups, 
it is hard to imagine that any kind of reciprocal arrangement is responsible for the 
observed behavior. These generalizations about human cthnocentnsm suggest (hat 
the ethnic group is one locus of altruistic behavior. 

The variation in behavior toward ethnic group members also provides some 
support for the hypothesis that group selection acting on culturally transmitted 
behavior has shaped human behavior. LeVine and Campbell categorized social 
structures as "socially divisive" and "socially integrative": 

The former lype of society has structural features such as pairilocalily or local 
group endogamy (hal foster the development of a parochial loyalty struc¬ 
ture , . . In the socially integrated type, the dispersion of males . . . fosters 
the development of loyalties to wider groupings . . . Since the socially di¬ 
visive societies have warfare among segments of the ethnic community, and the 
socially integrated societies do not, the social structures are seen as favoring 
different norms of conduct concerning social intercourse within the ethnic 
community. |P. 53. emphasis ours) 

They go on to argue that while socially divisive societies are characterized by 
extensive feuding and violence, they are infrequently involved in large-scale war¬ 
fare, and when they are involved in warfare, alliances are formed opportunistically 
on the basis of immediate military contingencies. In contrast, while socially inte¬ 
grative societies have much less violence within groups, they readily cooperate in 
large-scale conflict. LeVine and Campbell cite Noberini’s (1966) cross-cultural 
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Table 7.8 Traits identified with the syndrome of ethnocentmm by LeVine and 
Campbell (1972) 


Attitudes and Behaviors 
toward Ingroup 

Attitudes and Behaviors 
toward Outgroup 

See selves as virtuous and 

See outgroup as contempt¬ 

superior 

See own standards of value 
as universal, intrinsically 
true. See own customs as 
original, centrally human 

ible. immoral, and inferior 

See selves as strong. 

Sec outgroup as weak 

Social distance. 

Outgroup hate 

Sanctions against ingroup 

Sanctions for outgroup theft 

theft. 

* “ act>op> 

Sanctions against ingroup 

Sanctions for outgroup mur¬ 

murder. 

der or absence of sanctions 
against outgroup member 

Cooperative relations with in¬ 

Absence of cooperation with 

group members.. 

outgroup members. 

Obedience to ingroup author¬ 

Absence of obedience to out¬ 

ities 

group authorities 

Willingness to remain an in¬ 

Absence of conversion to 

group member 

outgroup membership. 

Willingness to fight and die 

Absence of willingness to 

for ingroup 

fight and die for outgroups 

Virtue in killing outgroup 
members in warfare. 

Use of outgroups as bad ex¬ 
amples in the training of 
children 

Blaming of outgroup for in¬ 
group troubles. 

Distrust and fear of the out¬ 
group 





study of warfare as supporting this view. Again, it appears that the unit upon which 
group selection has worked is the culturally endogaroous groups. If this unit is 
small, as in the case of socially divisive societies, then so is the unit within which 
social cooperation takes place. In socially integrated societies, the culturally endog- 
amous unit is larger (at least with regard to traits transmitted by men) and so is the 
scale of violent conflict. 


The simple model of cultural group selection outlined here clearly is not verified 
by the dtu concerning ethnic cooperation. Nor is it i complete hypothesis to 
account for cooperative behavior in humans. The real world is undoubtedly much 
more complex than our representation of it. However, the model does illustrate 
what we believe is a crucial property of the evolution of cultural species: if the rules 
of cultural transmission are different from the rules of genetic transmission, similar 
selective regimes may result in very different equilibria The model also provides 
a qualitative prediction about the kind of transmission rules that might explain 
human cooperative behavior, that is, a cultural transmission rule that increases the 

variant can cause group selection to be a strong 
of behaviors that characterize different human 
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Indirect Bias and the 
Evolution of Symbolic Traits 

. . .what are the advantages which wc propose by that great purpose of human 
life which we call bettering our coodiUoo? To be observed, to be attended to. 
to be taken notice of with sympathy, complacency and approbation, are all the 
advantages we can propose to derive from it. 

Adam Smith, 1790. The Theory cf Moral Sentiments (p. 121. 6th ed ) 

The utilitarian view of human society propounded by Adam Smith in the Wealth 
of Nations is still important in the social sciences. It forms the basis of much of 
Western economic theory which, according to its practitioners, successfully ex¬ 
plains much of human behavior in ecooomic contexts. It has also been used by 
economists (e.g. Posner, 1980; Becker, 1981), political scientists (e.g. Hardin, 
1982), sociologists (e.g. Goode, 1978). and anthropologists (e g. Schneider, 1974) 
to explain human behavior in many noneconomic contexts. 

As many authors have pointed out (e.g. Rosenberg, 1980b), however, utilitarian 
theories typically are incomplete because (1) they do not specify people's prefer¬ 
ences in sufficient detail and (2) they do not explain why people have the prefer¬ 
ences they do. These are very serious shortcomings. Without some constraint on 
the nature of preferences, virtually any observed behavior can be rationalized. 
Economists, for example, usually assume that individuals strive for material well¬ 
being, for wealth and leisure (e.g. Stigkr and Becker, 1977). Many of the things 
people do seem to contradict this view of human nature. Why should someone risk 
his or her life to reach the summit of Mount Everest or to save an unknown stranger 
drowning in a frozen river? Other things people do. while not directly deleterious, 
do not seem very closely related to material well-being. Why should some people 
spend a third of their income to own a classic Porsche or to collect period furniture? 
Can these behaviors be explained within the economist's paradigm without simply 
defining people's preferences in terms of their behavior? 

One approach is to suppose that, as Adam Smith (1790) suggested, people want 
those things that cause them To be observed, to be attended to with sympathy, 
complacency and approbation. . In short, people value prestige, and they do 
things like climbing mountains and buying fancy cars because such behaviors are 
effective in gaining prestige. The problem with this approach is that it solves one 
problem by creating two more. First, we do not know why some things are 
prestigious and others not. Why should we admire people who risk their lives 
climbing mountains but not people who risk their lives running across freeways? 
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Second, we do no! have any explanations, other than introspection, why people 
should value prestige. Clearly, what is really required is a theory of preferences that 
predicts what people will value. 

As Jack Hirshleifer (1977) has noted, sociobiological theory provides one attrac¬ 
tive basis for such a theory; humans are hypothesized to strive to maximize their 
inclusive fitness because this tendency has evolved through natural selection. If 
sociobiological theory is correct, we should be able to predict people's choices (at 
least on the average) by asking what maximizes their reproductive success. This 
will often be difficult, and therefore actual predictions may be ambiguous. But at 
least sociobiology does provide a complete utilitarian theory. 

In the context of the current problem, however, it seems difficult to sec how 
climbing Mount Everest or owning a Porsche increases an individual's reproductive 
success. In fact, it seems likely that the resources consumed in these endeavors 
could be put to much better uses. One could argue that these kinds of behavior arc 
the result of sexual selection; perhaps these behaviors enhance a male's re¬ 
productive success because females prefer men who do such things. There are 
several difficulties with this kind of explanation. The most obvious is that some 
women like to climb mountains and many like to drive fancy cars. It is also doubtful 
that in many cases (like mountain climbing) there is any correlation between the 
prestige gained and mating success. Finally, why should females prefer males who 
do stupid things? Would they not be better off choosing males who demonstrate 
their prowess at productive endeavors like making money or caring for children? 

In his book Culture and Practical Reason. Marshall Sahlins (1976a) argues that 
cultural processes define preferences and that any form of utilitarian analysis must 
be derived, therefore, from cultural processes rather than vice versa. Moreover, he 
asserts that culture is constituted of conventional symbols, so humans are very 
largely free to develop meaningful systems of culture, only broadly constrained by 
the imperatives of the natural world expressed through natural selection or other 
utilitarian principles. In his words. 

|T|he practical interest of men in production is symbolically constituted The 
finalities as well as the modalities of production come from the cultural side: 
the material means of the cultural organization as well as the organization of the 
material means. We have seen that nothing in the way of their capacity to satisfy 
a material (biological) requirement can explain why pants arc produced for men 
and skim for women, or why dogs are inedible but the hindquarters of the steer 
are supremely satisfying of the need to eai (P. 2071 

However, Sahlins does not give a satisfactory account of the cultural processes that 
generate particular patterns of preferences in different societies. 

In this chapter we will analyze a model of cultural transmission with indirect 
bias. This model can explain why people value prestige and why certain traits are 
effective in gamering prestige. Under some assumptions, the model is consistent 
with the sociobiological expectation that human culture is adaptive, but under 
others it allows cultural processes a causal autonomy similar to that envisioned by 
Sahlins. Often it seems that culture can be autonomous and adaptive. We begin by 
setting up the model of indirect bias and deducing the kinds of cultural forces that 
result. We then go on to argue that indirect bias, like frequency-dependent bias. 
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provides a simple, general rule by wbieh a naive individual ean increase the chance 

of acquiring a locally favored cultural variant without directly evaluating the merit 
of alternative variants. This result allows us to understand both the evolution of the 
desire for prestige and why certain characters come to be prestigious. We will then 
show that under some conditions indirectly biased cultural transmission leads to a 
dynamic analogous in some ways to the process of “runaway" sexual selection first 
elucidated by R. A. Fisher (1958). This can cause the characters that act as markers 
of prestige to become exaggerated and “maladaptive." The runaway process is a 
mechanism that may roughly correspond to the autonomous causal force postulated 
by Sahlins and other symbolic anthropologists. 

Defining indirect bias 

In defining indirect bias, it will be useful to distinguish three classes of characters. 

1. Indicator traits. Some characters affect the importance of individuals as mod¬ 
els. For example, suppose that naive individuals are more inclined to imitate 
successful individuals and that an individual's success is measured by observing a 
particular character—number of cows, number of children, or number of publica¬ 
tions. We call this trait the “indicator trait." 

2. Indirectly biased traits. Individuals’ values of the indicator trait may affect their 
importance in the cultural transmission of other characters, the indirectly biased 
traits. For example, individuals might tend to acquire the clothing styles, pro¬ 
nunciation, and beliefs about the world that characterize the most successful indi¬ 
viduals among potential models. 

3. Preference traits. The naive individuals must have some criterion by which to 
determine the values of the indicator trait that are preferable. In the case of traits 
such as wealth, the criterion probably would be "more is better." but in other cases 
there might be some intermediate value that is admired. For example, contem¬ 
porary Americans tend to admire people whose families are of intermediate size, 
not the childless or the prolific. We will call this trait the "preference trait.” 


We will say that transmission is indirectly biased if naive individuals prefer some 
models over others based on an indicator trait and use such preferences to determine 
the attractiveness of that model for other characters (the indirectly biased traits). 

It is easy to see why indirect bias might be adaptive. In Chapter 5, we argued 
that it may often be very difficult or costly to evaluate the relative merit of different 
cultural variants, especially when they have long-lasting effects. In many cases, a 
single trial of a trial-and-error evaluation of the alternative variants may take a 
lifetime. One obvious way around this problem is to adopt the variants used by 
successful people, as Flinn and Alexander (1982) suggested. It may be difficult to 
evaluate the best hunting practices from among the myriad of possibilities, so just 
copy the most successful hunter. Since it is difficult to determine exactly which of 
his techniques makes him successful, one might imitate everything that is plausibly 
connected with his hunting success, from the way he sets his traps to the chant he 
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says every day before going off to hunt. Later in this chapter, we will see that this 
intuitive argument can be made more precise. 


Evidence for Indirect Bias 

Evidence from social learning experiments 

What we call indirectly biased transmission is related to the Freudian concept of 
identification. (See Rancour-Laferriere, 1981, for an extended discussion of the 
relationship between identification and imitation.) Freudians believe that children 
form strong affective attachments to particular persons, especially their parents, 
that lead the child to have a generalized desire to be like those persons. Certain 
characteristics in the parents or other models are hypothesized to affect the degree 
of identification. Strong identification causes children to acquire cultural traits quite 
distinct from the traits giving rise to the original identification. 

Since identification has been a controversial subject in psychology, students of 
social learning have conducted a number of useful experiments to investigate its 
effect on social learning (Yando et al., 1978: 62-6S). Unfortunately, most of these 
studies have focused on how indicator traits (in our terminology) affect the amount 
of attention that is paid to different models, and relatively few studies actually 
demonstrated that indicator traits affect the probability that different modeled 
variants arc actually acquired. It seems reasonable to infer that characteristics of 
models that attract attention will also stimulate acquisition (Rosenthal and Zim¬ 
merman. 1978: 251-254). However, because symbols of prestige and other traits 
that act as stimuli of affect and attention play so many other roles in social life, the 
amount of attention paid to others and the extent of social learning from them may 
be poorly correlated. For example. Landy and Segall (1974) showed that essays 
supposedly written by attractive women received higher evaluations from males 
than those supposedly written by unattractive ones. Males may use female attrac¬ 
tiveness as an indicator trait in indirectly biased social learning, but other reasons 
for this behavior are easily imagined 

A few studies, however, do suggest that social learning is sometimes character¬ 
ized by indirect bias, at least in the laboratory. Bandura, Ross, and Ross (1963) 
tested three theories of parent-offspring identification in a laboratory setting. Ex¬ 
perimental families composed of a preschool or third-grade child and two 
“parental" models were constructed. One model mimicked a powerful, controlling 
parent, and the other a more passive, consuming parent. Sexes of “parents" and 
children were varied independently of the model attributes. The models also dis¬ 
played a variety of incidental behaviors while playing games with the children. The 
test of imitation was the number of these incidental behaviors displayed by the 
children. The main effect was a disproportionate modeling of the powerful, control¬ 
ling parent. The interacting sex variables had some effect, but most treatments 
showed a 50-100 percent greater number of imitations of incidental behaviors 
modeled by the controlling parent. Many studies have been made of the effect of 
nurturant versus nonnurturant models on children's imitation (Yando et al.. 1978: 
64-65). For example. Yussen and Levy (1975) exposed preschoolers and third 
graders to warm and neutral adult models. Warm models increased attention, 
reduced susceptibility to distraction, and enhanced recall of modeled events. 
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These results are only suggestive. Observers do appear to react to some traits of 
others in a way that affects the general attention given to a person and hence the 
modeling of traits not involved in attracting attention. However, the data available 
from social learning studies are not yet sufficiently extensive to give a general 
picture of the phenomenon. The range of indicator characters studied is small, the 
potential variation in the responses among naive individuals little studied, and most 
studies have treated only transmission from adult to child. 


Evidence from the diffusion of innovations 

The study of the diffusion of innovations has produced a considerable body of 
observational data that suggests that indirect bias is important. Some individuals 
play a much greater role in the spread of innovations than do others; those who, 
once persuaded to adopt an innovation, are very likely lo be imitated by their 
fellows are called opinion leaders. Rogers with Shoemaker (1971: Chap. 6) devote 
a chapter to reviewing the patterns of information flow during the adoption of an 
innovation as a function of the social statuses and other sociological attributes of 
earlier and later adopters. The most general effect discovered in the study of the 
diffusion of innovations is that opinion leaders are usually of somewhat higher 
social status than followers, but that the difference is relatively slight compared to 
the total extent of the status hierarchy in the whole social system. Opinion leaders 
are usually respectable solid citizens of the community who conform to community 
norms but have more contact with the larger world and more social participation 
in local affairs. Opinion leaders may or may not have a positive attitude toward 
innovation. Some evidence suggests that traditional and modem societies have 
different patterns of opinion leadership. Traditional societies seem to have more 
general purpose leaders, and the social distance between leaders and followers 
seems less, compared to modem or modernizing communities, 

Rogers suggests that these patterns of imitation result from the use of a basically 
sound choice criterion on the part of potential adopters. On the one hand, the 
apparent success of high-status individuals is an indirect indication that they know 
valuable techniques that might be profitably adopted. On the other, individuals who 
are too different in status are likely to be different in other ways from potential 
adopters. For example, they may be large rather than small landowners. He cites 
cases of two types of errors that are possible in choices of opinion leaders, de¬ 
pending on the details of the situation. One can choose leaders who are loo similar 
to oneself in a situation where higher status individuals have adopted traits that 
would be useful, or ooe can imitate those whose techniques are unsuited to one's 
own situation. Choosing an opinion leader drastically different in status is likely to 
result in the latter problem. In our terms, an adaptive indirect bias is one in which 
there is a strong relationship between the potential model's indicator character (e.g. 
social status) and the utility of the other traits that are to be imitated. It appears that 
effective indirect biases of this type are often found to be operating in diffusion-of- 
innovation studies. 

Rogers with Shoemaker (1971: 221) illustrate the way indicator traits are used 
to define opinion leadership with an example from East Pakistan. Village leaders 
were enrolled in a training program with the expectation that they would act as 
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opinion leaders in the diffusion of agricultural innovations in their home commu¬ 
nities. The local followers appeared to use mode of dress as an indicator trait. As 
long as village leaders tied their long shirts above their knees when they worked, 
they retained their status as opinion leaders and were influential in the diffusion of 
the agricultural innovations. When they allowed them to drop below their knees in 
imitation of the training program leaders, villagers switched allegiance to new 
opinion leaders and the flow of innovations stopped. Rogers hypothesizes that the 
followers felt that their former leaders had become loo much like the higher-class 
teachers. 

Evidence from sociolinguistics 

Sociolinguists have been able to show that dialect evolution occurs fairly rapidly 
(Fishman, 1972; Labov, 1972). In typical speech communities, measurable 
changes occur over a few decades, and the differences in speech patterns between 
older and younger speakers can be used to map their trajectory. The changes are 
strongly correlated with sociological variables, especially social class, and inter¬ 
mediate social classes are usually the leading group. In the United States dialects 
are evolving rapidly, despite the use of a standardized dialect of English by the 
broadcast media. Dialect change is usually initialed in those subgroups within u 
larger speech community whose identity as a group is threatened. A distinctive 
regional or class dialect thus becomes a symbol of social status and group soli¬ 
darity. 

Labov (1980) illustrates these generalizations with a study from Philadelphia. 
Among Philadelphia whites, the immigration of large numbers of rural blacks in 
recent decades has stimulated a strenuous reasscrtion of local rights and privileges 
and a parallel development of a local Philadelphia white dialect. The dialect puttem 
thus reflects the deep social and political divisions between the city's ethnic groups. 

The leaders of the Philadelphia dialect changes are upper-working-class women. 
The speakers who show the most "advanced" sound changes are those with the 
highest status in their local community, and with wide-ranging contacts inside and 
outside of it. From these centrally located individuals, dialect innovations spread 
outward to lower status and eventually to higher status speakers. The importance 
of locally relevant prestige as the key trait of effective models is similar to that 
found for opinion leaders in the diffusion of technical innovations. In dialect 
evolution, however, the innovations themselves originate with this group. The use 
of a few opinion leaders as models for dialect transmission, the indirect bias effect, 
plus the importance of horizontal transmission in language learning probably ac¬ 
count for the speed of dialect evolution. 

The evidence that dialect change results from the action of indirect bias is fairly 
convincing. Much small-scale linguistic variation, especially dialect, is not con¬ 
sciously recognized by speakers. Labov (1972: 308) reports that speakers of a 
distinctive dialect on Martha's Vineyard are not aware of most of the differences 
between their dialect and that of mainlanders. Vineyarders are conscious of using 
a certain amount of archaic nautical jargon, but this is only indirectly related to the 
phonological aspects of their dialect studied by Labov. This suggests that it is 
unlikely that they have deliberately chosen to adopt the advanced forms of the 
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doled. Rather, they appear to have granted a considerable social status to 
fishermen who best exemplify a spirit of resistance to the encroachment of higher 
status summer visitors. Their admiration of the fishermen’s independent ways and 
scornful distaste for the visitors, on whom most islanders are uncomfortably de¬ 
pendent economically, leads to the inadvertent copying of the fishermen's dialect. 
Interestingly enough, those young people who plan to leave the island, and have 
switched their prestige norms to favor mainlanders, show much less of the dis¬ 
tinctive Martha s Vineyard dialed (Labov, 1972: 32). 


Models of Indirect Bias 

In this section we build a model of indirect bias in two steps: 

1. So far we have only considered models in which there was a single culturally 
transmitted character. To model indued bias, it is necessary to keep track of at least 
two different culturally transmitted characters, the indicator trait and the indiredly 
biased trait. We begin by generalizing the blending model discussed in Chapter 3 
to the case of more than one culturally transmitted characters. 

2. In Chapter 5 we analyzed a model of dired bias in which there was a single 
culturally transmitted quantitative character. It was assumed that an individual's 
phenotypic value for the character affected his attractiveness as model for that 
character. Here, we simply add a second quantitative character and assume that the 
value of the first character also affects the attractiveness of the individual for the 
second character. 


Cultural transmission with multiple characters 

To model indirect bias we need models of cultural transmission in which individ¬ 
uals are characterized by values of several different cultural traits. In Chapter 3, we 
introduced quantitative cultural characters with the example of an individual's 
position along a single left-right political continuum. As we all know, the beliefs 
of many people are not easily placed on this continuum In such cases it is better 
to characterize individuals in terms of their positions along several different 
dimensions—fiscal conservatism versus fiscal liberalism, morally conservative ver¬ 
sus libertarian, pro defense versus anti defense, and so on. Thus the beliefs of 
people like the so-called neoliberals (fiscally conservative, pro defense, but liber¬ 
tarian on moral issues) who do not fit on the usual left to right scale can be 
represented. 

The existence of interacting multiple traits in the same individual is described 
mathematically by supposing that each individual’s cultural repertoire can be char¬ 
acterized by k numbers, X|.X*. Each number represents a particular aspect 

of an individual's cultural repertoire. For example. X, might represent the 
individual's attitude toward fiscal issues. X 2 the individual's attitude toward de¬ 
fense, and so on. Such an ordered sequence of numbers is called a vector. We 
distinguish vectors by printing them in boldface, for example X ■ (X,, . . . ,X k ). 
We also assume that an individual’s overt behavior, for example in terms of public 
statements, on each of the various issues can also be characterized by a vector of 
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values Y - (Y,.We assume that the relationship between the cultural 

variant and the behavior in each dimension is exactly as in the one-dimensional case 
(see Chap. 3, pp. 70-71). 

The population is thus characterized by the joint distribution of cultural variants. 
This distribution tells us what fraction of the population has each combination of 
cultural variants. For quantitative characters this distribution takes the mathe¬ 
matical form of a k-dimensional joint probability density function, which we will 

label P(X.,Xt) or sometimes to save space. P(X). It is easiest to see what this 

means in the two-dimensional case. Suppose dX, is a small increment in X,. where 
i " 1,2. Then the value of P(X|.X]) dX, dX 2 approximately gives the probability 
that an individual chosen at random from the population has a cultural variant that 
lies in the small (dXi.dXj) rectangle as is shown in Figure 8.1. This figure also 
illustrates why it is not always possible to simply treat each different trait indepen¬ 
dently. When the two characters are not independent, evolutionary forces acting on 
one character will affect the frequency of the other character This effect will be 
very important in the remainder of this chapter. 

It is often possible to choose a scale of measurement for each of the characters 
such that the joint distribution of phenotypes in the population has approximately 
a multivariate normal distribution When this is true, it is possible to characterize 
the population by (1) the mean value in the population of each character. X,. (2) 
a variance for each character. Y. and (3) the covariance between each pair of 
characters, C,. The means and the variances have exactly the same meaning as in 
the one-dimensional case. The covariances measure the extent to which the differ¬ 
ent traits co-occur. If the covariance for a pair of characters is positive, then 
individuals with a larger than average value of ooe trait also tend to have a larger 
than average value for the second trait. For example, there probably is some 
tendency in the United Stales for people who are fiscally conservative also to be pro 
defense If we have chosen our scale of measurement so that more conservative 
opinions are represented by a larger number (consistent with the usual left to right 
representation), then these two characters will have a positive covariance. When 
this is true the characters are said to covary. 

In the next two sections we will generalize the blending model of cultural 
transmission of quantitative characters described in Chapter 3 to the case of two 
characters. We will see that the major novelty introduced is the way that trans¬ 
mission affects the covariance between characters in the population. 



Fig. 8.1 Visualization of a two-dimenMonal join! probability distribution of quaoMame char¬ 
acters. The height of each column is proportional to the frequency of individuals that are 
characterized by a narrow range of values of traits X, and X,. 
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A bivariate blending model 


Let us begin by describing a blending model of the cultural transmission of two 
quantitative characters. Suppose that each naive individual is enculturated by n 
models. The jth model is characterized by a two-dimensional vector of cultural 
variants X, = (X u , X 3 ,). The naive individual observes the behavior of each model 
and forms an estimate of his or her vector of cultural variants Z, ■ (Z,,, Z*). In 
analogy with the one-dimensional case, we will assume that 


Z,j = X„ + e u 
Z* - X 4 + e* 


( 8 . 1 ) 


where e,j and e* are random variables with a bivariate normal distribution, 
Nj (e u , e*), with means equal to zero, variances E,, and E s , and a covariance E l2( . 
This means that, as before, we assume that the naive individual's estimate of the 
jth model's cultural rule may diverge from his or her actual rule. Since the behavior 
that characterizes models will depend on the environment, it is plausible that the 
errors in the naive individual's estimate of the two traits (i.e. ei, and e*,) in a 
particular model will covary. For example, the two traits might be political beliefs 
about fiscal policy and about foreign policy. If the model is in an environment that 
tends to elicit conservative behavior whatever his beliefs might be, then naive 
individuals may overestimate the conservativeness of the model's actual beliefs for 
both characters. We represent this idea mathematically with the assumption that C| } 
and e* are not necessarily independent. It is plausible that the performances of 
different parents will also covary. However, for simplicity we will assume that the 
errors made in estimating one model's rule are independent of the errors made in 
estimating the rule of some other model. 

We will suppose that each character is transmitted according to the blending rule 
used in Chapter 3. Suppose that a naive individual has been exposed to a set of 

models and formed the following estimates of their cultural variants Z,.Z». 

Then the naive individual’s cultural variants for each of the two characters 
(Xio. X,o) will be 

X- - 2 A„ Z„ 

( 8 . 2 ) 

X» - 2 A, Z, 

i-i 


Because we have assumed that A (J does not necessarily equal A^, a particular model 
may have a different weight in the transmission of character 1 than in the trans¬ 
mission of character 2. This is meant to reflect the notion that individuals occupying 
different social roles may be more or less important in the transmission of different 
traits. 

As usual we want to determine how transmission changes the distribution of 
cultural variants in the population. This means we need to determine the effect of 
transmission on the mean value and the variance of each character, and on the 
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covariance between the characters. Let M(X,. . . . ,XJ be the probability that a 
set of models with the combination of vectors of cultural variants (X^. . . , X.) 
is formed. Then the mean value of the character X, after transmission. X/, is given 
by 


X; - || N, (c.ea).. . N, (e^e^MlX . XJ 

iA,(X t ^dX,...dX.dc 11 ...de, 

i-i 


(8.3) 


where i - 1.2. This equation is very similar to Equation 3.22, the expression for 
the mean after transmission in the one-dimensional case If the formation of sets of 
models is nonselective, derivations virtually identical to the one given in Box 3.2 
yield 


X; - X. (8.4) 

and a similar derivation yields the following expressions for the variances after 
transmission: 

Vi - t A?, (V.+EJ (8.5) 

where i - I or 2 and 


= e, 

* ~SfTAT 


E, and E, are weighted averages of the errors introduced in the imitation of each 
class of model. Equations 8.4 and 8.5 are equivalent to the expressions for trans¬ 
mission of one character given in Chapter 3. Thus, adding a second character docs 
not alter the effect of blending inheritance on the means or variances of the 
characters transmitted. 

However, to completely specify the distribution of cultural variants in the pop¬ 
ulation after transmission we need to determine the effect of transmission on the 
covariance between the characters. The covariance between any two random vari¬ 
ables u and v is defined as E<uv) - E(u)E(v) where E(*) denotes the expectation. 
In the present case, we want to compute covariance between the values of trait I 
and trait 2 after transmission. Co. given the distribution of cultural variants before 
transmission. It can be shown that 


( 8 . 6 ) 


Ci'i, ■ (R/n,) (C| 2 + E 12 ) 
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where 


and 


and 



E,‘-i A^A^Eifr 

AijA* 




(8.7) 


/ • • \-i/j 

*-[ 2 * 12 *) 

Vi >-i ' 


^‘-i AijA^ 

Ai, i;„ Aii 1 ' 1 


( 8 . 8 ) 


Equation 8.6 says that the effect of blending inheritance on the covariance 
between two character* is similar in some ways to its effect on the variance. The 
covariance is increased each generation by the new covariation that is introduced 
by correlated errors, measured by E (I . It is decreased each generation by an amount 
that is proportional to l/R,, the geometric mean of the effective numbers of models 
for each trait. This is the same blending effect that reduces the variances. However, 
unlike the effects of blending inheritance on the variance, the reduction in the 
covariance also depends on the parameter R. This parameter, which has the form 
of a correlation coefficient, measures the extent to which the sets of models are the 
same for the two traits. To see this consider two extreme cases: 

1. Ai, - A,. This means that each of the models has exactly the same im¬ 
portance in the transmission of both traits. Then R ■ 1, fi, • n,. and blending 
inheritance has the effect of reducing the variances of each of the characters and the 
covariance between them by the same factor, 1 /n,. 

2. A„ > 0 implies A„ - 0, and A* > 0 implies A,, ■ 0. This means that the 
sets of models for the two characters do not overlap. One set of individuals serve 
as models for trait 1 and a different set for trait 2. In this case R - 0. and any 
covariance that existed in the population before transmission is completely eradi¬ 
cated by the transmission process. 

on the extent to which the sett of models for the two traits are composed of the same 
individuals. As the sets of models transmitting two traits become different, trans¬ 
mission exerts a force reducing the covariance between characters even more 
strongly than it does the variances. As we will see, this is important because it is 
the ratio of the covariance to the variance that determines the strength of indirect 
bias. 



252 Indirect Bias 


< Trail 



We have also generalized the multi factor model presented in Chapter 3 to allow 
for multiple characters. This model is of interest for two reasons. First, the amount 
of overlap in the set of models has the same qualitative effect on the covariance 
between characters in the multi factorial model as in the blending model, which 
suggests that this result is robust. Second, this model also allows for another 
mechanism that can act to preserve the covariance between characters. Recall that 
in Chapter 3 we imagined that each observable behavioral character was based on 
a number of culturally transmitted factors. In the context of a two-character model, 
this means that there can be a significant covariance between two characters even 
if there is no covariance between the underlying factors as long as at least one factor 
influences both characters. This makes sense intuitively. For example, people who 
believe in the perfectibility of man may have liberal attitudes about many issues, 
while those who believe that men are irremediably troublesome may lend to hold 
conservative views. 


Tht effects of indirect bias on the mean phenotype 

In this section we combine the model of cultural transmission of two characters with 
the model of directly biased transmission introduced in Chapter S to determine the 
effect of indirect bias on the joint distribution of the two traits in the population 
First, assume that each naive individual is exposed to n models. The importance 
of the jth model for the ith trait is given by a constant linear weight labeled A,. In 
Chapter 5, direct bias was modeled by allowing an individual's cultural variant to 
affect its linear weight. Suppose that trait I is the indicator trait and trait 2 is an 
indirectly biased trait. Then, according to our definition of indirect bias, the im¬ 
portance of the jth model for the indirectly biased trait depends on the variant of 
the indicator trait that characterizes the jth model. We will say that the variants of 
the indicator trait that make an individual most likely to be imitated are the 
“admired" variants. Consideration of why indirect bias might be adaptive, and even 
superior to direct bias, is explored in the next section. 

Consider a particular naive individual exposed to n models. To make the equa¬ 
tions easier to follow, we modify the notation used in the last section. We denote 
the value of the indicator trait of the jth model as X* and the value of the indirectly 
biased trait of the jth model as X*,. The naive individual's estimates of the jth 
model’s indicator trait and indirectly biased trait are Z* and Zf,. respectively. Then, 
according to the blending model, the naive individual's cultural variants for the 
indicator trait, X», and the indirectly biased trait. X#«. are 

and 

( 8 . 10 ) 

where At, and A*, are the importances of the jth model in the transmission of the 



Model* of Indirect Bias 253 


indicator and indirectly biased traits. We assume that the transmission of the 
indicator trait is subject to direct bias exactly as in Chapter S. This means that the 
weight of the jth model is a function of his or her variant of the indicator trait, that 
i». 


. ___*» <! + f*Z|> > 

^ + 0<Z»)) 


( 8 . 11 ) 


Equation 8.11 says that the importance of the jth model in the transmission of the 
indicator trait is given by a basic weight, a*,, that depends on the jth model’s social 
role and a modifying term that depends on his cultural variant. 

To represent indued bias we assume that the weight of the jth model for the 
indirectly biased trait. A*,, is a similar function of his indicator trait Z*. that is. 


o^(l + e<A)> 

* x:.,a*<i + e<z*)> 


( 8 . 12 ) 


Equation 8.12 says that the importance of the jth model in the transmission of the 
indirectly biased trait also depends on a basic weight. We write this a*, to empha¬ 
size that the basic weight of the jth model may be different for the two traits. 
However, a*, is modified by function 0(Z*). the indirect bias function, which gives 
the effect of the indicator trait's value on the weight of a model in the transmission 
of the indirectly biased trait. We will assume that the form of the indirect bias 
function, 8( •), is generally similar to that of the direct bias function, •). but that 
the strengths of the two processes may be different. The value of the indicator trait 
that maximizes 0( •) is the most admired variant of the indicator trait, and individ¬ 
uals with this value will, on average, have the greatest weight in the transmission 
of the indirectly biased trait. 

We want to determine how transmission affects the mean values of the two 
characters in the population. Once again assume that (I) sett of models are formed 
at random and (2) the effect of bias in any single generation is small. The trans¬ 
mission rule for the indicator trait is directly biased, and thus from Jquation 5.10 
the mean of the indicator trait in the population after transmission, Xf, is equal to 

X,' - X, + (1 - j>&)Cov(Z,.&(Z 1 )) (8.13) 

»-• 

where 1/Xa} is the effective number of models for the indicator trait and 
CovfZi.fXZt)) is the covariance of the indicator trait and the bias function. The 
covariance is a measure of the strength of directly biased transmission. 

An exactly parallel derivation shows that the mean of the indirectly biased trait 
after transmission is given by 

XrX, + (1 - ja^lCovfZr.efZ*)) 


(8.14) 
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Notice that the strength of indirect bias depends on the covariance of the value of 
the indirectly biased trait Zp and on the value of the indirect bias function 0(Z,). 
which is a function of the indicator trait. Thus variants of the indirectly biased trait 
that are positively correlated with the admired variants of the indicator trait will 
increase in frequency. 

We can understand better what this means by rewriting the covariance term in 
the following form: 

Cov(Z,.e<Z,» - CorrtZ 1 A)(^^) , I Cov(Z 1 .e(2,)) (8.15) 

This way of writing Equation 8.14 emphasizes the fact that the strength of indirect 
bias depends on the extent to which the indicator trait and the indirectly biased traits 
are correlated. If the correlation is increased, then, all other things equal, the force 
of indirect bias will also be increased. Equation 8.15 also indicates that the strength 
of indirect bias depends on the amount of variation that exists for the indirectly 
biased trait. In this way. indirect bias is similar to direct bias and natural selection. 

It is also clear from Equation 8.15 that even if £( •) - 0< •), the strength of 
indirect bias can be greater than the force of direct bias as long as 

ICentt** > (8.16) 

This means that indirect bias can be stronger than direct bias based on the same 
criterion if the amount of variation in the indirectly biased trail is sufficiently greater 
than that of the directly biased trail to compensate for the less than perfect cor¬ 
relation between the two. For example, in a poor village the variation in wealth 
displayed might be very small, but the correlated variation in some useful skill 
might be quite large. Indirect bias using wealth displayed might cause a substantial 
increase in skills, while the change in the indicator due to direct bias might be quite 
small. 


Forces effecting the covariance between characters 

The correlation between the indicator trait and the indirectly biased trait affects the 
strength of indirect bias. To fully understand indirect bias, we must understand the 
forces that affect the covariance between the two characters We have been able to 
think of four kinds of forces that affect the covariance: 

1. We have already seen that transmission itself affects the covariance. Non¬ 
overlapping sets of models for the two traits act to reduce the covariance, while 
covarying estimation errors act to increase it. 

2. We have also argued that in the multifactorial model of the transmission of 
more than one character, the existence of factors which affect more than one 
character act to preserve covariation. 

3. Natural selection can affect the covariance between characters when the two 
characters interact to determine fitness 
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4. Indirectly biased transmission itself can increase the covariance between the 
indicator trait and the indirectly biased trait. This effect is especially pronounced 
when the preference trait is also an indirectly biased trait. 

In order to consider the effects of natural selection on the covariance between 
two culturally transmitted characters, the model of natural selection used in Chapter 
4 must be generalized to allow for more than two characters. To do this we assume 
that an individual’s cultural fitness is a function of both of its cultural variants, 
W(X|,Xr). This function gives the probability that an individual with the combina¬ 
tion of cultural variants X| and X? becomes a model. Then the joint distribution of 
cultural variants after transmission, P'(Xi.Xr). is given by 


nx,.x,) 


P<X„X,)W<X I .X > ) 

//P(X i .X,)W(X 1 .X f )dX,dX, 


(8.17) 


We assume that the distribution of cultural variants before selection is bivariate 
normal. To evaluate the distribution of cultural variants after selection we must 
choose a fitness function 

One plausible way to generalize the one-dimensional model of selection used in 
Chapter 4 is to assume that W< •) has a bivariate Gaussian form, as pictured in 
Figure 8.2a. In this example individuals whose vector of cultural variants departs 
from the optimum vector of cultural variants (Hi.H?) are less likely to become 
models. Notice that individuals who deviate from the optimum by having values of 
Xj and Xf that are either both too large or both loo small suffer a much smaller 
decline in fitness than individuals who have one large value and one small value. 
In this example, the two characters interact in their effects on fitness. The fitness 
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function shown in Figure 8.2b illustrates the opposite kinds of interaction between 
the traits; now individuals with a large value of X| and a small value of Xp are 
favored relative to individuals with small or large values for both traits. Figure 8.2c 
shows an example of a fitness function in which there is no interaction between the 
two traits. 

Positive interactions between traits are believed to be common in genetic evo¬ 
lution because of allomctric relationships. For example, animals with forelegs and 
hind legs that are both too short may be better off than others who have forelegs 
that are loo long and hind legs that are too short. It seems likely that analogous 
phenomena exist in the case of many culturally transmitted characters. To take a 
complex example, social acceptance is often thought to be contingent on matching 
display traits with skills. Lawyers who talk and dress like fanners are likely to be 
thought of and treated as oddities by their fellows. Even in academia, where 
standards of dress are quite relaxed, an ecologist who regularly wore a three-piece 
suit would excite quizzical comment (we have never met one), whereas an econo¬ 
mist who did the same (and many do) would not attract any notice. To the extent 
that violating such expectations causes unfavorable judgments about people, selec¬ 
tion (and perhaps biased cultural transmission) will act to increase covariation. 

When two characters have interactive effects on fitness, natural selection will 
create a force that affects the correlation between the characters. This is most easily 
proved if it is assumed that the fitness function a a bivariate Gaussian function. 
Unfortunately, it is cumbersome to analyze even this simple case without using 
matrix notation. The interested reader can find complete analyses in Lande (1979) 
and Karlin (1979). These authors conclude that the equilibrium distribution of the 
two variants in the population is a compromise between two forces. Selection tends 
to cause the population to conform to the shape of the fitness function, while 
random variation tends to cause the distribution to conform to the probability 
distribution of the random errors. Thus natural selection tends to cause variants that 
interact positively to be positively correlated. The strength of this effect will depend 
oo the relative strength of selection and random variation. 


The correlation between fitness and other characters 

So far we have only considered correlation between ordinary culturally transmitted 
characters. When we investigate the adaptive consequences of indirect bias, it will 
also be of interest to know whether the regression of fitness itself on a character that 
affects fitness can be nonzero at equilibrium. The change in the mean value of a 
character due to natural selection, AX, is given by 

AX - Var(X)Rcg(W(X),X) (8.18) 

If we assume that random variation maintains a finite variance in the character and 
that there are no other directional forces acting on a population, then the mean will 
come to equilibrium only when the regression of an individual’s fitness on his 
cultural variant is zero. This makes sense; if some variants have higher fitness on 
average, selection should increase their frequency. 

However, if the equilibrium results from a balance of selection and other forces. 
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then the regression of fitness on a character can be nonzero. For example, in a 
spatially varying environment the mean phenotype at equilibrium will be deter¬ 
mined by a balance between the forces of selection and migration. To see how this 
affects the covariance between a character and fitness, consider the following very 
simple model of the evolution of a quantitative character in a spatially varying 
habitat. Suppose a large metapopulaikm is composed of a large number of sub¬ 
populations living in different habitats. There is a single quantitative character 
which is transmitted according to a linear transmission rule. In each subpopulation 
this character is subjected to stabilizing natural selection. Now consider a single 
subpopulation in which the optimal value of the character is H and the width of the 
fitness function is S. After selection, a fraction, m. of the subpopulation emigrates 
and is replaced by immigrants from the metapopulation. We assume that the local 
population is small enough relative to the metapopulation that we can neglect the 
effects of the local population on the metapopulation. For simplicity, we assume 
that the mean cultural variant in the metapopulation. and thus among the immi¬ 
grants, is zero. With these assumptions it can be shown that the equilibrium mean 
of the character among models in the local population. X, is approximately 

* " mT+~V « '» 

where V is the equilibrium variance of the character. When migration is weak 
compared to selection, the equilibrium mean is near H. When selection is weak 
compared to migration, it is near zero, the metapopulation mean. At the equilibrium 
described by 8.19 there will be a positive regression of fitness individuals on the 
values of their cultural variants. When selection and migration are both weak, it can 
be shown that this has the following simple form: 

Reg(W(X).X) - (H - X)/S (8.20) 

Equation 8.20 says that regression of fitness on a character is proportional to the 
mean character's distance from the equilibrium. 


The adaptive consequences of indirect bias 

In Chapter 5, we argued that only direct biases that are adaptive in a wide variety 
of habitats are likely to evolve. For some characters, the same variants may be 
adaptive in many different habitats, and a simple invariant bias may be favored. For 
other characters, quite different variants may be favored in different habitats. If it 
is not too difficult for each individual to try each variant and evaluate it according 
to some generally applicable criteria of satisfaction, then the evolution of a general 
purpose direct bias is plausible. However, for many characters, it may be very 
difficult to evaluate the merit of different variants. For the most basic beliefs and 
values each trial might occupy a lifetime. 

Rather than attempt to determine which variants of each trait lead to success, an 
alternative approach is to simply imitate the successful, as suggested by Flinn and 
Alexander (1982). If adopting a particular variant causes individuals to have higher 
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fitness than the average individual, then it follows that the adaptive variant should 
occur in higher frequency among individuals with high fitness. Thus it seems 
plausible that the strategy of imitating the successful, a form of indirect bias, might 
provide an alternative to direct bias, ooe that increases an individual's chances of 
acquiring locally adaptive cultural variants, is applicable in a wide variety of 
environments, and does not require costly evaluation of the different variants. 

The results that have been derived so far in this chapter can be used to make this 
argument in more detail Consider the model of a population in the spatially 
variable habitat di s c ussed in the previous section, supposing that there are two 
quantitative traits. The indicator trait is a proxy for fitness. It could be any trait 
which has a high, positive correlation with genetic fitness in most of the habitats. 
Number of offspring, wealth, and political power are likely candidates, at least in 
nonindustnal societies. For example. Irons (1979b) showed that a number of 
economic and political traits connoting high prestige were correlated with fitness 
among the Turkoman. The indirectly biased trait is an ordinary culturally trans¬ 
mitted character; the optimum value of the indirectly biased trait is different in 
different habitats As before, consider evolution in ooe of the habitats in which the 
optimum value of the indirectly biased trait is H. From the previous section, we 
know that at equilibrium the regression of fitness on the indirectly biased trait has 
the value given in Equation 8.20. 

Now suppose there are a few rare naive individuals who lend to choose models 
with large values of the indicator trait according to the indirectly biased trans¬ 
mission rule outlined above. If the indicator trait is highly correlated with fitness 
and the distribution of the indicator and indirectly biased traits is approximately 
bivariate normal, then according to Equation 8.14 the mean value of X, among 
these naive individuals will be 

Xr ■ Xp + (I - Cov(Z,.e(Z l )) X (H - Xp)/S <8.2I) 

strength of bias strength of selection 

Equation 8.21 shows that on average the mean phenotype of naive individuals who 
utilize indirect bias will be closer to the optimal phenotype than will that of naive 
individuals who utilize a linear, unbiased rule. The strength of indirect bias is 
proportional to the product of (he strength of the bias and the strength of selection. 
Moreover, we have made no assumptions about the value of H; the same simple 
decision rule will increase the probability that naive individuals adopt favored 
variants in every habitat. 

Given that there are easily observable characters that are correlated with fitness 
in a wide variety of habitats, it seems, to us at least, that indirect bias provides a 
good general purpose cultural acquisition rule. It should generally require less 
effort to apply than direct bias. Essentially, with indirect bias the individual uses 
the lives of others as experiments to evaluate different cultural variants. Because 
of this, indirect bias may be much cheaper than direct bias, particularly for traits 
which may have multiple effects over an individual's lifetime. It also means that 
indirect bias will increase the probability of acquiring a favored cultural variant in 
many different environments. If there are no characters which are strongly cor- 
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related with fitness in most habitats, then all these conclusions are suspect. We 
consider some aspects of this issue in the next section. 


The Runaway Process 

Thus far we have assumed that every individual in the population admires the same 
variant of the indicator trait—(hat is. the cultural transmission rule of every individ¬ 
ual is governed by the same indirect bias function This means that the criteria of 
indirect bias cannot evolve. They cannot be affected by selection, direct bias, or 
guided variation. If there are truly characters which are positively correlated with 
fitness in the entire range of habitats that characterise the human species, this would 
not be too important. However, it seems to us (hat few such characters are likely 
to exist. Biologists have found it very difficult to measure the fitness of noncultural 
animals in the field, and it is probably at least as difficult to assay fitness in the 
human case. The relationship between numbers of offspring and fitness is often 
quite ambiguous, since offspring must survive and reproduce themselves to count. 
Wealth and power are problematic because different characters may denote wealth 
and power in different societies, and because wealth and power are not necessarily 
correlated with fitness. The relationship between prestige and fitness is even more 
ambiguous; indicators of prestige are often almost incomprehensible to those not 
raised in a particular culture. If indirect bias is to provide a means of acquiring 
adaptive behaviors in a variety of environments, the criteria that determine what is 
admired probably will be transmitted culturally and will respond to the forces of 
cultural evolution. 

In this section, we generalize the model of indirect bias so that the criteria that 
determine which variants of the indicator trait are admired are allowed to vary. We 
will see that under some circumstances these criteria will evolve so that indirect bias 
increases the frequency of genetically adaptive variants. However, we will also see 
that an unstable runaway process, analogous to runaway sexual selection in ordi¬ 
nary genetic evolution, is possible. This process can cause the indicator trait to 
coevolve with the preference trait so as to cause the indicator trait to become 
extremely exaggerated. In a later section we review data that suggest that humans 
frequently engage in exaggerated, maladaptive displays of prestige, and that this 
behavior is understandable in terms of indirect bias. 

To get an intuitive understanding of why indirect bias can lead to an unstable 
runaway process, it is helpful to review R. A. Fisher's (1958) explanation for the 
evolution of exaggerated male characters, such as the tails of peacocks and birds 
of paradise. Imagine a species in which females choose males for their mates based 
on a sex-limited morphological character, the size of their tails. Further, suppose 
that females, on average, prefer males with tails that are too large. That is. males 
with smaller tails would be more likely to survive than males with the tails that most 
females prefer. Never mind, for the moment, why females make such odd choices. 
There are two competing selective forces acting on male tail size: sexual selection 
due to female choice acts to increase the frequency of males with large tails, and 
ordinary viability selection acts to increase the frequency of males with small tails. 
In polygynous species, in which a small proportion of males are responsible for a 
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large proportion of matings, sexual selection can be much stronger than viability 
selection. When this is the case, males with large tails will be favored and tail size 
will increase. Fisher’s insight was to see that under some conditions, the same 
process of sexual selection that increased the frequency of males with large tails 
could also increase the frequency of females who preferred large tails. Females who 
mate with males who have large tails will lend to have sons who also have large 
tails, and will tend to transmit a preference for large tails to their daughters and their 
sons' daughters. In other words, female choice will cause the preference for large 
tails and large tails themselves to become correlated. If the net effect of individual 
and sexual selection is to favor large tails, selection will also lead to a correlated 
response in female preferences. Put anthropomorphically. selection may favor 
females who prefer males who will produce “sexy" sons. As has been recently 
shown by Lande (1981) and Kirkpatrick (1982), under the nght conditions this can 
lead to a self-reinforcing process in which both tail size and the tail size most 
preferred by females increase indefinitely. 

A closely analogous process can cause a cultural runaway process when trans¬ 
mission is indirectly biased. Rather than females choosing mates based on a male 
character, the cultural process is driven by naive individuals choosing models based 
on the value of the indicator trait. Again consider a hypothetical example in which 
individuals choose models based on the value of a character marking prestige, for 
example, their style of dress Further suppose that for still unspecified reasons' the 
majority of the population admire a colorful but otherwise maladaptive mode of 
dress. Individuals who dress practically are better protected from the weather and 
spend less on clothes, but arc less admired and therefore less likely to be imitated. 
In other words, we assume that natural selection acting on cultural variation favors 
practical dress and indirect bias favors colorful dress. It is easy to see in this case 
how the net effect of these two forces could act to increase the frequency of colorful 
dressers. It is somewhat less obvious that indirect bias can increase the frequency 
of individuals who admire and tend to imitate colorful dressers. Individuals who 
admire colorful dress will tend to acquire colorful dress. If individuals tend to 
acquire their beliefs about what styles of dress make a person admirable and their 
own style of dress from the same individuals, then forces that increase the fre¬ 
quency of colorful dress will also act to increase the frequency of individuals who 
lend to imitate colorfully dressed people. It is as if people choose models from 
whom they will acquire traits that will subsequently make them more likely to be 
imitated. 


A model with variable biases 

To model the evolution of the criteria which determine the strength and direction 
of indirect bias, we assume that there is a culturally transmitted quantitative char¬ 
acter. the preference trait, that affects which variants of the indicator trait an 
individual finds attractive. Two naive individuals exposed to the same set of models 
but characterized by different values of the preference trait will, on average, adopt 
different cultural variants of other traits affected by indirect bias. Using the term 



The Runaway Process 261 


“preference trait" does not imply that the naive individuals necessarily make con¬ 
scious choices, only that they tend disproportionately to imitate models with some 
variants of the indicator trait. To allow for the possibility that the preference trait 
will be affected by the force of indirect bias, it is necessary to consider the 
simultaneous evolution of an indicator character. In the most interesting cases of 
indirect bias, there will also be a number of indirectly biased traits whose evolution 
was also affected by the same indicator and preference traits. However, to keep the 
model manageable we will treat only the evolution of an indicator and a preference 
trait. We do not believe that adding more indirectly biased traits will have important 
qualitative effects on the results of the model. 

Real situations undoubtedly are more complex. For example, consider dialect 
evolution on Martha's Vineyard, studied by Labov (1972). An example of an 
indicator trait is the extent to which an individual uses nautical jargon in everyday 
speech. The use of a rich, “salty" vocabulary is thought by Vineyarders to be a 
marker of status as an old stock Vineyarder. A preference trait is the extent to which 
an individual desires to imitate other individuals who exemplify the nigged inde¬ 
pendence of the old Islanders In addition to these two traits, the evolving trait 
complex on Martha's Vineyard includes phonological aspects of their dialect and 
a number of other traits related to social organization, status, and group identity. 
Some of the traits in this complex, for example, dialect phonology, may indicate 
status as an old stock Islander. Although dialect phonology is not easy for people 
to perceive consciously, people do seem to form judgments of others based on this 
character (Labov, 1972: Chap. 6). It also seems likely the evolution of dialect is 
embedded in a large system of indirect bias involving many other traits. The 
two-trait model presented here is an attempt to obtain a qualitative glimpse into the 
dynamics of systems like this one in which there are many traits that indicate status 
and many others that are affected through their correlation with the indicator traits. 

Assume that individuals undergo the following life cycle. First, naive individu¬ 
als acquire values of both the indicator trait and the preference trait vertically 
according to an unbiased transmission rule. This is followed by an episode of 
oblique transmission which is affected by both direct and indirect bias according to 
the model described in the last section, in which the preference trait is also the 
indirectly biased trait. Cultural transmission is followed by an episode of natural 
selection in which an individual's fitness is determined by the value of his indicator 
trait. We will assume that the preference trait has no direct effect on the cultural 
or genetic fitness of an individual, its only effects on fitness are through its effects 
on cultural transmission. 

If the joint distribution of cultural variants is approximately bivariate normal, we 
only need to keep track of the means and variances of each of the characters and 
their covariance. It turns out that, given the assumptions of the model, the variances 
and the covariances reach a stable equilibrium independent of the values of the 
means. To derive recursions for the mean values of the two traits we assume (1) 
that the variances are at equilibrium at values M and W and the covariance is also 
at an equilibrium value C. and (2) that the forces of biased transmission and 
selection are weak enough that we can regard these values as approximately con¬ 
stant during a single generation 
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Recursions for the means 

In order to derive recursions for the mean values of the indicator and preference 
traitsjn the population, we begin with the effects of oblique transmission. Let X| 
and X, be the means of the indicator and the preference traits in the population just 
before oblique transmission. Each naive individual is exposed to n models. Con¬ 
sider a particular naive individual. Peter, who is characterized by the preference 
trait value. X*,. We assume that Peter's value of the indicator trait after oblique 
transmission. Xi. is given by the following blending rule: 

S;.,Znaa(l + PiZ^X*)) 

Xi ---r~ (8.22) 

* WZu.Xnj) 

where Z* is Peter’s estimate of the value of indicator trait of the kth model 
computed exactly as above. Equation 8.22 is the same transmission rule discussed 
in the last section, except that now the shape of the bias function depends on (he 
value of the preference trait in the naive individual. X*>. We assume that each 
individual also modifies his or her preference trait during oblique transmission. 
Then Peter’s value of the preference trait after oblique transmission is given by 

Xio --7-r- (8.23) 

£;.,«*( I ♦ OiZ*.X f0 )j 

where Zn is Peter's estimate of the preference trait of the kth model. 

Based on the results derived above, we know that if sets of models are formed 
at random, (hen the mean of the indicator trait after transmission is 

X,* - X, -f (I - £a*>Cov(z,.P<Z,.X«')) (®-M) 

and (he mean value of the preference trait after oblique transmission is given by the 
analogous expression 


x; - x, ♦ (i - gafc) Cov^Zf.0(z«.Xro)j 


(8.25) 


To evaluate the covariance terms we need to assume some particular functional 
form for the direct and indirect bias functions We will assume that (he direct bias 
function has the form 


3<Z*.X,o) * b exp ( <Z * 2B W ) 


(8.26) 
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and dial flic indirect bias ti 


H Mil 


has flic similar form 


Q'A.XrJ = U exp ( ( % e X " > ' ) 


(8.27) 


These functions have the same Gaussian form as the bias function that was intro¬ 
duced in Chapter 5. Now, however, the value of the preference trait in the naive 
individual (Xr>) determines which value of the indicator trait maximizes the weight 
of a model in oblique transmission of both the traits. Notice that the intensity of the 
direct bias acting on the indicator trait, measured by 1/B, may differ from the 
intensity of indirect bias acting on the preference trait, measured by 1 / 8 . 

It can be shown that if bias is weak (i.e. B.8 ► M.C) the means after trans¬ 
mission are 


where 


and 


x; - x, + V|B’(X, - x.) 

Xi - X, + C8'(X, - X.) 

B‘ - <1 - £a{Xb/B) 

J-l 

0' - (I - £aj>)(u/e> 
!-• 


(8.28) 


The parameter B' measures the effective intensity of biased transmission acting on 
the indicator trait and 6' measures the effective intensity of indirect bias acting on 
the preference trait. The variances and covariances refer to the population of models 
who participate in oblique transmission. 

To model the effects of selection we assume that the probability that an individ¬ 
ual characterized by the cultural variant Xj becomes a model, W(X,). is given by 
Gaussian fitness function 


W(X.) - 




(8.29) 


It can be shown with a derivation similar to that in Box 4.3 that if selection is weak 
(i.e. S ► M) the mean values of the two traits in the population after selection are 


Xr - X, + M(B'(X r - XJ + (l/SXH - X|)l 
x; - X, + - Xd + (I/SXH - Xi)] 


(8.30) 


Since unbiased transmission does not affect the mean of either character, these 
recursions also give the means of the two characters during the next generation. 
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Mathematical properties of the recursions 

These recursions have very interesting properties that may explain the evolution of 
some human behaviors that are puzzling from a sociobiological point of view. Let 
us begin by determining the equilibrium_valuesof the mean value of each of the two 
characters in the population. By setting X? = X, and Xf = Xi, we can see that the 
population will be in equilibrium if the following conditions are satisfied: 

0 - (1/SK1/B' - 1/0'KH - XJ (8.31) 

Xr - X, + (1/SX1/B'KH - X.) (8.32) 

The right-hand side of Equation 8.31 is the product of three terms. The equation 
will be satisfied whenever any one of these terms is zero. One of three qualitatively 
different kinds of equilibrium outcomes will result depending on which of these 
terms is zero. We first outline the mathematical properties of each of the three kinds 
of equilibria and then provide a qualitative interpretation of all three 

First, let us consider the case (1/S) ■ 0. which means that there is no selection. 
The only forces acting on the population are direct and indirect bias. If we set 
(1/S) ■ 0 in Equation 8.30 or 8.32, it is easy to see that the system will be in 
equilibrium^ny time that the mean values of the trait are equal. Thus any point 
on the line X, - X, is an equilibrium. It can be shown that this line of equilibria 
will be stable whenever 


B'V| > e'C (8.33) 

Equation 8.33 says that the line of equilibria is stable whenever the strength of 
directly biased transmission acting on the indicator trait is stronger than the force 
of indirect bias on the preference trait. To see why this is so. consider Figure 8.3. 
The equilibria lie on the 45-degrec line that goes through the origin. ^Consider 
a population that has an initial distribution of cultural variants so that X, > X,. 
Such a population is characterized as a point lying above the line. This means that 
the average individual prefers variants of the indicator trait that are larger than the 
average value of the indicator trait in the population so the mean value of the 
indicator trait increases. However, the effect of indirect bias also causes the value 
of the preference trait to increase because the correlation of preference traits and 
indicator traits causes imitators of admired models to acquire even more extreme 
preferences than they had before. If the indirect effect is larger than the direct 
effect, then the mean of the preference trait is increasing faster than the mean of 
the indicator trait and both traits “run away.” If the indirect effect is weaker, then 
they eventually come to rest at some point along the line of equilibria. However, 
all points along the line are neutrally stable with respect to each other. Thus, when 
populations are finite, random sampling error will cause the population to "drift 
away." 

Let us consider dialect evolution on Martha’s Vineyard in the context of this 
model. While the real situation is undoubtedly too complex to be represented 
exactly by this simple model, this exercise will help make the results of the model 
more concrete, and perhaps give some insight into the nature of the dynamic 



processes which govern dulcet evolution Let us suppose again that the extent to 
which individuals use salty talk is the indicator trait and the extent to which 
individuals admire salty talk is the preference trait. The point above the line in 
Figure 8.3 represents a situation in which the average teenage Vineyarder prefers 
more salty talk in his or her models than the average adult Vineyarder actually 
speaks. Thus teenage Vineyarders will tend to imitate models whose dialect is more 
“salty” than the general population, and the average Vineyarder in the next cultural 
generation will use more salty talk. It seems reasonable that the teenage imitators 
will tend to acquire their preferences regarding the most admirable amount of salty 
talk from the same models from whom they acquired their dialect. If individuals 
who use a lot of salty talk also admire salty talk, the amount of salty talk preferred 
by the average individual will also increase due to the effect of indirect bias. If this 
effect is stronger than the direct effect on the amount of salty talk, the average 
amount of salty talk and the preference for salty talk will run away. We believe that 
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if another trait like phonological dialect were added to this model, it would be 
carried away as well. 

Next, let us consider the case (l/B' - !/»') - 0. This means that the relative 
strengths of directly biased transmission on the indicator trait and indirectly biased 
transmission on the preference trail depend only on M and C. In this case there is 
also a line of equilibria, but now it is defined by the equation 

Xr - H + (l/(B'S))JX, + |l/ie'S)|H (8.34) 

At any point along this line the forces of bias and selection exactly balance each 
other. The line is stable whenever the forces of selection and direct bias that act on 
the indicator trait are greater than the force of indirect bias that acts on the prefer¬ 
ence trait or 


9 C < VfcB' ♦ I/S) (8.35) 

If this condition is not satisfied, the mean value of both traits will increase or 
decrease indefinitely depending on the initial state of the population. Still more 
interesting, even if the condition is satisfied and despite the fact that natural 
selection is acting on the preference trait, the population is free to drift along the 
line of equilibrium. The reason for this is that any amount of selection can be 
balanced by the appropriate amount of indirect bias. In the case of language 
evolution, a group might evolve a new dialect even though the more extreme 
speakers faced substantial selective penalties, perhaps because they were unable to 
communicate with a larger parent group. 

Finally, consider the case X, - H This means that the mean value of the 
indicator trait is the value with the highest fitness. From Equation 8.32 we know 
that the mean of the preference trait must also be equal to H. Thus, unless there is 
no selection (I/S - 0) or the intensities of direct and indirect bias are equal 
(B' * 0'), selection will cause cultural transmission to be biased in favor of the 
cultural variant that maximizes cultural fitness. However, it can be shown that this 
equilibrium is unstable if Condition 8.33 is violated. 

Condition 8.35 says that the fitness-maximizing equilibrium is unstable if the 
strength of selection and direct bias on the indicator trait together are less than the 
strength of indirect bias on the preference trait. When the equilibrium is stable the 
indicator trait may converge to the optimum from any initial condition, and at this 
equilibrium, the average individual finds individuals with the optimum value of the 
indicator trait most attractive. If Condition 8.35 is not satisfied, however, the mean 
values of both traits will not remain at the optimum even if they begin there Instead 
they will "run away" indefinitely toward larger or smaller values. 

A qualitative interpretation of the results 

The preceding analysis suggests that the evolution of the criteria determining 
indirect bias has three qualitatively distinct modes: 

1. Stable fitness maximization. If the strength of indirect bias acting on the 
preference character is weak compared to the combined forces of selection and 
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direct bias on the indicator character, then the preference character will eventually 
reach a stable equilibrium at the value that maximizes fitness. In other words, both 
direct and indirect bias will evolve so that naive individuals tend to imitate models 
with the optimum value of the indicator trait The reason this result makes sense 
is most clear in the case in which transmission of the preference trait is unbiased. 
Here, the only evolutionary forces acting on the mean value of the preference trait 
are the effects of selection and direct bias acting through the indicator trait. Naive 
individuals who prefer to imitate models with the optimum value of the indicator 
trait will be more likely to acquire that value than individuals who prefer some less 
adaptive value, and selection favors this preference. This process eventually will 
cause the optimum value of the preference trait to predominate in the population. 

2. The runaway process. If the strength of indirect bias acting on the preference 
character is strong compared to the combined forces of selection and direct bias 
acting on the indicator character, then according to the model the values of both the 
indicator trait and the preference trait will run away, becoming indefinitely larger 
or smaller depending on the initial condition. Clearly, this cannot really occur; 
nothing can grow or shrink indefinitely. Some process not accounted for in the 
model will eventually restrain the population. The correct lesson to be drawn from 
the model is that when the evolution of a preference trait is affected by indirect bias, 
the resulting process may be inherently unstable. Where it exists, such instability 
is likely to result in one of two outcomes, either an equilibrium in which both the 
preference character and the indicator character are quite distant from the optimum, 
or permanent oscillations. The outcome depends upon whether the runaway process 
is inherently oscillatory and on the nature of the processes which ultimately come 
to restrain the population. 

3. The “drift-away" process. If no natural selection is acting on the indicator trait 
and/or if the effective intensities of direct and indirect bias are equal, then the model 
has a line of equilibria. The line may be unstable, which leads to a runaway process 
that is qualitatively similar to the case already described. The line may also be 
stable, in which case every point on the line is neutrally stable with regard to every 
other point on the line. When this is the case, cultural drift will cause finite 
populations to drift randomly along the line. (See Cavalli-Sforza and Feldman, 
1981:109-124, for an extensive discussion of such random effects.) Stevan Arnold 
(personal communication) calls this the ‘'drift-away” process. This case is inter¬ 
esting because it allows any value of the indicator trait to become common, even 
if it is selected against. The mean value of the indicator trait in different populations 
living in the same environment will drift apart, even though the indicator trait is 
subject to strong natural selection and direct bias. This may occur because these 
forces are exactly balanced along the line by the force of indirect bias. 

It is improbable that the conditions necessary for a line of equilibria to exist will 
often be fulfilled exactly. That there would be no selection on the indicator trait, 
or that the intensities of indirect and direct bias would be precisely equal, seems 
unlikely. However, in many cases of interest, selection may be weak relative to 
bias, or difference in the intensities may be small compared to the magnitudes of 
selection and bias. There will be a single equilibrium point, but it will be only very 
weakly stable in the direction of what would have been the line of equilibria had 
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ihc conditions been exactly fulfilled. Thus, the forces resisting drift will be weak, 
and we would expect a large variance in the mean values of the indicator trait in 
different populations. 

The last two of these three modes of the evolution of indirect bias are likely to 
increase the frequency of maladaptive culturally transmitted variants. Can this 
behavior be consistent with the origin of the capacity for cultural transmission via 
ordinary Darwinian processes? We think that the theory of sexual selection once 
again provides some insight. Like indirect bias, runaway (or drift-away) sexual 
selection can lead to maladaptive characters, particularly in males. Moreover, the 
exaggerated male characters observed in many species seem to be evidence that the 
runaway process described by Fisher actually occurs in nature. Fisher reasoned that 
this could occur because the male character was originally correlated with fitness. 
For example, tails that are larger or showier than average might have been cor¬ 
related with male fitness in the proto-peacock in a variety of habitats. If a character 
is correlated with fitness, then females may benefit by using it to choose their mates. 
However, once female choice has evolved, the potential for the runaway process 
exists. It is easy to imagine that many species evolve female choice, and in most 
of these female choice remains adaptive. However, in a few the necessary condi¬ 
tions for the runaway process exist, and female choice ultimately leads to mal¬ 
adaptive male characters. 

A similar argument can be made for the evolution of indirect bias. As we have 
argued earlier in this chapter, indirect bias may provide a good general rule of 
thumb for choosing among different cultural variants. As long as the indicator trait 
is correlated with fitness, an individual can increase his or her chance of acquiring 
adaptive cultural variants using indirect bias, particularly in variable environments. 
However, just as it may be difficult to know which cultural variants are adaptive 
in the local environment, it may also be difficult to determine which variants are 
sufficiently correlated with fitness to be useful as indicator traits. In this case, it may 
be useful to use indirect bias to modify ooe's preference trait. As we have seen, this 
can cause the preference trait to evolve to the most adaptive value (case I above), 
but it can also lead to the evolution of maladaptive variants of the preference and 
indicator traits by either the runaway or the drift-away process (cases 2 and 3). We 
imagine that indirect bias is adaptive when averaged over many characters and 
many societies, but that in some societies, for some characters, the necessary 
conditions for the runaway or drift-away processes exist. In these cases, indicator 
traits that were initially correlated with fitness become exaggerated. 

Possible Examples of the Runaway Process 

Do the runaway or drift-away processes actually occur in human societies? Ideally, 
data to answer this question would allow us both to trace the trajectory of an 
indicator trait from an initially adaptive state to an exaggerated state and to demon¬ 
strate that indirect bias was the agent responsible for the exaggeration of the trait. 
As far as we know, no such data exist. For the present, we must be satisfied with 
circumstantial evidence: the existence of traits that seem consistent with an origin 
and maintenance by the runaway process. Such traits should have the following 
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properties: (1) More exaggerated variants should be associated with greater pres¬ 
tige. (2) The values of the trait observed should not make sense from an adaptive 
point of view. (3) The observed variant should be plausibly interpreted as an 
exaggerated version of a sensible indicator trait. Here we will discuss two such 
empirical examples, the practice of growing enormous yams on the island of 
Ponapac and the practice of extensive tattooing which was widespread in Polynesia 
until recently. 


Yams as markers of prestige on Ponapae 

According to William Bascom (1948), on the Microoesian island of Ponapae a 
man's prestige is partially determined by his ability to contribute very large yams 
to periodic feasts. Each year several feasts are given by the chief of each district. 
In addition to staple foods like fresh breadfruit, coconut, and seafood, the head of 
each farmstead contributes a "prize" yam, or yams. Everyone at the feast examines 
the yams and praises the contributor of the largest single yam for his generosity and 
his skill and ability as a farmer. Moreover, as Bascom reports, "Success in prestige 
competition is regarded as evidence of not only a man's ability, industry, and 
generosity, but also of his love and respect for superiors" (p. 215). The chiefs raise 
men who are consistent contributors of large yams to titled positions. 

Several lines of evidence suggest that this practice is not simply a good way to 
provide food for a party, but instead represents an exaggerated marker of prestige. 
First, prestige is not correlated with a man's real contribution to the feast. The 
contributions of other important foodstuffs like fresh breadfruit or seafood are 
irrelevant to the prestige competition. So too is the total amount of yams that a man 
contributes; all that counts is the size and. to a lesser extent, the shape of the largest 
individual yam. Moreover, these yams are truly huge; they sometimes exceed 9 feet 
in length and 3 feet in diameter, and up to twelve men must carry them. The yams 
used by families in their everyday diet are much smaller. Individual farmers go to 
great effort to raise large yams. Appropriate varieties must be found and main¬ 
tained, special, laborious cultivation techniques are used, and great care must be 
taken to prevent neighbors from spying out the size of a man's yams. Bascom 
concludes that “the labor expended in growing prize yams is far greater than would 
be necessary to produce the same quantity of foodstuff from a larger number of 
smaller yams of the same variety" (p. 217). Nor should it be thought this extrava¬ 
gance is possible because there are never shortages of food on Ponapae as, "Not 
infrequently families go hungry at home when they have large yams in their farms 
ready for harvest" (p. 212 ). 

It is also easy to construct a plausible scenario to explain the evolution of the 
practice of growing very large yams based on a runaway process. Suppose that at 
some earlier time Ponapaens did not devote any special effort to growing large 
yams. It seems reasonable that under such conditions more skillful or industrious 
farmers might have tended to bring larger yams to feasts, and thus that the size of 
a man's yams would provide a useful indicator trait for all kinds of skills and beliefs 
associated with farming. By imitating the people who grew large yams, naive 
individuals could increase the chance that they would acquire the cultural variants 
they needed to be successful fanners. Once the size of yams became an indicator 
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trait, beliefs or practices that lead to larger yams would increase. Individuals with 
a stronger tendency to admire large yams will be more likely to acquire these 
beliefs. This will cause the two traits to be correlated—and therefore, when the 
practices that lead to larger yams increase, so too will the admiration for the ability 
to grow large yams. 


Tattooing in Polynesia 


The practice of tattooing was widespread in Polynesia until recent times (e.g. 
Brown, 1910; Handy and Handy. 1924; Gifford, 1929; Hiroa. 1930). Boys, and to 
a lesser extent girls, received their initial tattooing as they approached adulthood. 
Later in life some individuals would periodically add embellishments to their 
tattoos. In the most elaborate cases, virtually the enure body was covered with 
intricate tattoos While the evidence is somewhat anecdotal, it suggests that this 
practice can be understood as a result of the runaway process. 

The extent and nature of an individual’s tattoos seem to have been related to his 
(or her) prestige. For example, in Samoa 


The amount of tattooing an individual possesses U attached significance in the 
fashionable Samoan world Half a suit is of no importance, but if a man can 
•how an out tali tu, which begins the second half of the work, he is considered 
“all ngbc ." (Handy and Handy. 1924: 211 


and on Mangareva 


Tattooing was a necessary adornment m Mangareva ... The amount of tat¬ 
tooing that a person underwent depended on his rank and ability to pay. . the 
correct association of extensive tattooing is with successful warriors (Hiroa. 

1938 176-1771 

The evidence also suggests people admire and respect the tattooed Once again on 
Samoa, 


custom, personal status, and the approbation of men and women were the 
incentives to undergoing the operation. . . . The fear of pain is overcome by 
the keen desire to bear the marks of manhood and to be able to hitch the kilts 
a little higher at the evening dances and so demonstrate superiority over the 
untattooed (Hiroa. 1930: 661) 

Being tattooed was painful and somewhat dangerous. When a boy reached 
maturity, his father would hire a tattoo artist if he had the means. Handy (1922: 12) 
reports that. The operation, as may be imagined, was extremely painful, and the 
patient cried and screamed without restraint " Because the process was so painful, 
only about a square foot of the body could be tattooed at one sitting, and then three 
to five days were allowed before the next session (Handy. 1922; Linton. 1939). 
Sometimes boys could not stand the pain and made do with less elaborate markings 
(Hiroa. 1930). Then. "(Alfter each sitting, there were from eight to twelve days of 
local inflammation, followed by fever and sometimes swellings, which were at 
times fatal” (Handy, 1922: 12), although this was apparently rare (Hiroa. 1930). 

Tattooing was also expensive. The initial tattooing of a youth required roughly 
at least six months to complete. During this time the father had to supply food and 



shelter for the artist and 
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family. In addition, the tattoo artist required a consid- 
i of mats, waistcloths, and decorations (Handy and 
It or elaborate figures required more time and a more 

' a or on the dart spaces, takes extra time and 


he also eats more food. Hence eni 
who can pay. [Hiroa, 1930; 6541 


Embellishment of existing designs was also costly. As a result only the wealthy 
could afford an extensive and elaborate tattooing (Handy, 1922; Hiroa, 1938). 

To understand how tattoos could have evolved as markers of prestige, we must 
imaging that the extent of a person's tattooing indicated his usefulness as a model 
The most elaborate tattooing would certainly indicate wealth. It is less clear why 
more modest tattooing would be a good indicator trait. Perhaps tattoos once indi¬ 
cated courage and ability to withstand pain, or perhaps they were useful during 
warfare to intimidate one's enemies. Whatever the reason, once tattoos became 
associated with prestige, the runaway process could lead to the seemingly mal¬ 
adaptive extremes that were observed in Polynesia. 

We believe that many other traits in both simple and complex societies axe 
plausibly the result of the runaway or drift-away processes that indirect bias can 
create. Indeed, we find it difficult to walk through a downtown shopping district or 
attend university functions without thinking about indirect bias. 


Symbolic Culture and the Runaway ami Drift-A way Proceases 

Some of the most strenuous objections to human sociobiology have come from 
symbolic anthropologists, especially from Marshall Sahlins (1976a, 1976b). The 
members of this subdisciplme of anthropology believe that symbols are the essen¬ 
tial feature of human culture. In fact, they often define culture as a set of symbols 
whose meanings are shared by members of a human society. To varying degrees, 
symbolic anthropologists believe that the meanings associated with a set of symbols 
evolve according to an internal, cultural logic that is at least partially independent 
of adaptive considerations. Because the set of meanings shared by a group shapes 
the way members of the group perceive the physical and social world in which they 
live, culture can stroogly affect individual behavior. It can define what is edible and 
what is not; to whom an individual owes obligations and to whom he does not. 
Thus, according to symbolic views of culture, historical processes which assign 
meanings to symbols are at least as important in determining the social organization 
or subsistence technology of a group as the nature of its environment. 

From the point of view of a human sociobiologist. this argument is un¬ 
satisfactory unless it can be made consistent with the argument from natural origins. 
Symbol systems are learned, and the hypothesis that learning is structured to 
enhance fitness is fundamental to sociobiology. The symbols that encode meanings 
may be arbitrary, but the meanings themselves are expected to enhance fitness. We 
are not aware of any symbolic anthropologist who has provided a cogent account 
of how a system of symbolic culture which promotes maladaptive behavior might 
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have evolved. Sahlins (1976b) supports his claims with an unconvincing attack on 
the argument from natural origins and an equally dubious series of empirical 
examples that he believes cannot be reconciled with a sociobiological hypothesis. 
(His key example of Polynesian adoption practices has been shown by Silk, 1980, 
to be consistent with sociobiological expectations.) 

In this section, we will argue that dual inheritance models, particularly those 
including indirect bias, show how the autonomous symbol systems envisioned by 
symbolic anthropologists might have evolved. We will consider three cases: (1) 
Under some circumstances, the evolution of symbols may be autonomous without 
conflicting with a genetic-fitness-maximizing hypothesis We call this the “weak 
interaction** hypothesis. (2) In still other cases, the runaway or drift-away dynamic 
may result in group selection on symbolic traits, so a “group functional" hypothesis 
of symbolic evolution must also be entertained (3) Finally, we will argue that the 
runaway and drift-away cases of indirect bias provide an evolutionary basis for 
Sahlms’s postulated cultural reason, or something very like it. without violating the 
criterion of a plausible natural on gin for nonadaptive or maladaptive cultural traits. 
Here this hypothesis is labeled "afunctiooalisro.** Because we often have had 
considerable difficulty understanding symbolic anthropologists, our attempt to rein¬ 
terpret their views is based on rather free interpretations of the original texts. We 
are emboldened to offer the following analysis only by the equally frank admission 
of practitioners of this subdiscipline that considerable debate over such fundamental 
issues divides them, as well (Basso and Selby, 1976; Schwimmer, 1978). 

What are symbols? 

The key defining feature of symbols is that they are arbitrary. A sign is something 
that stands for something else. According to semiotic theory three basic varieties 
of signs can be recognized (Jakobaoo, 1971: 345ff., 697ff.), icons, indices, and 
symbols. More properly each of these concepts can be thought of as a quantitative 
dimension; any particular sign can be described in terms of the degree to which it 
exemplifies the pure type: icon, index, or symbol. Icons are signs that are factually 
similar to the thing or process signified For example, a technical drawing de¬ 
scribing farming technique is an icon. An index has a factual connection with the 
thing signified. For example, a bulging storage bin and fat cattle are indices of a 

is a sign that stands for the thing symbolized by conventional agreement. In 
language, it usually does not matter what sound pattern or series of letters are used 
to signify a particular thing or concept, it only matters that the members of a speech 
community agree on some convention. 

Other cultural symbol systems are similar to language, although how similar is 
debatable (Silverstem, 1976). The Stars and Stripes serve as a symbol of the 
U.S.A. and the Tricolor symbolizes France, but if history had been different and 
the flags’ associations were reversed, no problem would arise. The giant yams of 
Ponapac are at least partly symbols. Since special skills are needed to grow them, 
a giant yam is not necessarily an iconic sign of fanning skill or even a good index 
of general horticultural talent. Convention could specify quite other means of 
signifying prestige in such a horticultural society—the growing of small, perfectly 
shaped “bonsai** yams, or spherical yams, or most anything else imaginable. 
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Nevertheless, the Ponapaens take giant yams quite seriously as icons, or at least 
indices, of prestige. Perhaps the ability to grow giant yams even is prestige on 
Ponapae, not just a sign of it. However arbitrarily symbolic giant yams appear to 
us, they are important tp their growers, while bonsai yams and spherical yams 
would be irrelevant or perhaps humorous. Thus Sahlins would say that giant yams 
are meaningful to Ponapaens, much as steak and the Stars and Stripes are to 
Americans. The problems that symbolic anthropologists pose for us are how behav¬ 
iors that are objectively mere symbols can come to be taken by the native as central 
to his existence, and whether such behaviors can be functional. 

The weak interaction hypothesis 

The evolutionary dynamics of a symbolic system are quite different from those of 
ordinary adaptations The variant words for “cat" in different languages and pat¬ 
terns for flags in different nations are all functionally equivalent. It is very difflcult 
to see how natural selection, or direct bias, or guided variation can be used to 
explain the evolution of such symbols in the same way that is possible for ordinary 
phenotypic traits. For each symbolic trait we observe, a very large number of 
alternatives are equivalent in terms of fitness. The simplest hypothesis we might 
have for the evolution of symbol systems is that the forces involved are only random 
variation, drift, and some kind of frequency dependence. In other words, symbol 
systems could evolve by the random jiggling of mean usage, combined with 
selection or bias against variants that were so distant from the mean as to cause 
problems in communication. To the extent that symbol systems function simply for 
communication within a culture, these forces might be sufficient. 

However, variations in dialect and grammar, for example, can themselves be 
used as signs of people's place in a social system (Labov, 1972, Ervin-Tripp, 
1976). Thus symbolic traits often vary as a function of status and prestige, and are 
likely to be used as a basis for indirect biases. Even if indirect biases are an 
important force in the evolution of symbol systems, such a mechanism may do no 
more than speed up the proliferation of symbols or signs to reflect more subtle social 
differences. Exactly which dialect variant, costume, or ritual characterizes a group 
has no adaptive consequences so long as it does its differentiating job. Any of a 
large variety of alternatives would have worked just as well. 

Direct bias may also affect the evolution of symbol systems. David Schneider 
(1976: 205) writes: 

Social life is meaningful; new meanings are established with reference to old 
meanings and grow out of them and must be made, in some degree, congruent 
with them; and exchange, whenever and wherever it occurs, must be articulated 
with the existing system of meanings. 

In other words, people prefer to adopt new symbols that bear some comprehensible 
relationship to old ones, if only to keep the whole system comprehensible and easy 
to remember. Dialect changes spread from core forms to correlated ones (Labov, 
1972: 174-175). One of the functions of language appears to be to organize 
memory (Simon, 1957; Bandura. 1977: 25-26) so the internal logical organization 
of the cultural system may be functionally important. However, the requirement 
that a symbol system be a reasonably coherent logical system does not mean that 
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there are noc many equally functional systems. In a system of arbitrary symbols, 
a bias rule enforcing consistency and logical order within the system will not cause 
convergence to similar forms in similar environments, as we might expect in the 
case of a bias affecting an ordinary trait. 

We call this the "weak interaction hypothesis" because relationships between the 
content of the symbolic system and the ultimate adaptation producing force of 
natural selection are quite tenuous. (See Cohen, 1974. for a similar hypothesis, but 
without a selection-based theory of function. Also see Durham. 1976.) We can 
easily explain by a sociobiological hypothesis why humans have symbolic capaci¬ 
ties for culture. The main adaptive functions include interpersonal communication 
and memory organization. Both of these functions may contribute to more efficient 
social learning and hence to more effective use of the various advantages of cultural 
transmission. However, since these functions are served equally well by any well- 
organized symbolic system, we cannot explain much of the difference between the 
structures of different cultural systems by adaptive arguments. Language is the 
prototypical case; Chinese is not an adaptation to life on the Yellow River Plain, 
nor is English an adaptation to living in the British Isles, except in the very limited 
sense that it is useful to speak the language that happens to be common in a given 
place. Adaptation in principle puts only the very broadest constraints on the form 
of symbolic structures. 

The weak interaction hypothesis thus requires a nonfunctional theory to explain 
what specific symbols come to have a particular function, but it docs not allow 
symbolic evolutionary processes to affect functional ones strongly. What symbol 
is used for a given meaning may be arbitrary with respect to function, but the 
underlying meaning itself is not. As Abner Cohen (1974: 86) puts it: 

The analysis of symbolic forms in relation to symbolic functions which is the 
central problem of social anthropology can be greatly enhanced through com¬ 
paring different cultural forms that are carried by different groups Thus one 
aspect of our work is to reduce cultural heterogeneity to functional uniformities. 

In terms of the sociobiological theory of function, so long as alternative symbolic 
traits differ little in fitness, their evolution will be subject to random variation, drift, 
frequency-dependent bias, indirect bias, and internal logical biases without causing 
any fitness variation upon which natural selection could operate. The functional 
equivalence that results from the arbitrary association of symbols with their refer¬ 
ents could result in almost complete autonomy for evolution of the symbol systems 
without much disturbing their functional properties. 

Symbolic functionalism 

A symbolic hypothesis presents a sharp alternative to sociobiological ones if it 
proposes an alternative to the standard neo-Darwinian interpretation of function in 
terms of genetic fitness. If symbolic traits are especially prone to runaway or 
drift-away evolution as a consequence of indirect bias, the between-group cultural 
variation generated by this process may be subject to group selection. This in turn 
would favor cultural variants which enhance the cultural success of the group, even 
at the expense of harming that of the individual. This hypothesis is distinct from 
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those proposed by Alexander (1974, 1979a) and Hamilton (1975) in which culture 
is imagined to facilitate genetic group selection through warfare. The issue here is 
not whether humans are group selected or not, but whether the mechanism is 
selection on genetic or cultural variation. 

In Chapter 7, we showed that frequency-dependent bias could increase the 
amount of cultural variation between groups relative to that within groups. This, in 
turn, had the effect of increasing the strength of selection between groups relative 
to the strength of selection and direct bias within groups. The runaway or drift-away 
dynamics that result from indirect bias can also increase the relative strength of 
selection between groups. In the drift-away process there is a line of equilibria; each 
value on the line is neutrally stable with respect to every other point on the line. 
Even a small amount of selection among groups will completely determine where 
along the line a population will be at equilibrium. In the runaway process small 
differences in initial conditions result in very different unstable trajectories. If, as 
we have assumed earlier, some process not accounted for in the model ultimately 
causes the population to reach a stable equilibrium, then it may be that such small 
initial differences also generate large amounts of equilibrium variation between 
groups. This variation could lead to strong group selection. 

In the case of the drift-away process we can make these arguments somewhat 
more rigorously. Suppose that a population is divided into a large number of finite 
subpopulations Let thejnean of the indicator and preference traits in the jth sub- 
population be X|j and Xp Jt respectively. Further suppose that the values of X tJ 
and X Pj are_distributed according to a bivariate normal distribution with the vector 
of means (X|,Xp) and the covariance matrix 



The mean value of the indicator trait in the ith subpopulation is assumed to affect 
the size of the jth subpopulation. N,. in the following way: 

N, - N expHXu - XV/2S} (8.36) 

Subpopulations with different mean values of the indicator trait achieve different 
sizes. The nearer the mean value of the indicator trait in a subpopulation is to_X\ 
the larger it is. The strength of this group selection effect is measured by 1/S. 

Let us now consider the forces that affect the distribution of subpopulation 
means. The finite subpopulations will vary each generation due to sampling error. 
This will have the effect of increasing each of the terms in the covariance matrix 
by an amount (1 + 1/N,). It has no average effect on the average values of the 
subpopulation means. Next, suppose a fraction m of each subpopulation emigrates 
each generation and migrates to a randomly chosen subpopulation. If m is small and 
the populations are not too different, this has the effect of reducing each of the terms 
in the covariance matrix by a factor of (1 — m). Because larger subpopulations 
contribute disproportionately to the pool of migrants, migration has the effect of 
moving the average value of the indicator,trait in the entire population, X|. to¬ 
ward X*. Because the values of Xj and X? are correlated, this between-group 
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selection will also move the value of X, toward X*. If S is large compared to V,. 
this becomes 


AX, = (mV^SKX’ - X.) 
AX P = (roC/SXX* - X,) 


(8.37) 


Finally, the subpopulation means respond to the within-population forces of selec¬ 
tion and direct and indirect bias. If we combine all of these forces, we get recursions 
for the overall population means, variances, and the covariance. It is possible to 
show that these recursions will always reach a stable equilibrium in which the 
equilibrium values of X| and X, are equal to X*. the value of the indicator trait that 
maximizes group size. 

This result supports the conjecture that group selection on cultural variation may 
be easier when the variants are also subject to indirect bias. In essence, the 
drift-away process (and presumably the runaway process too) creates group-level 
variation that is protected from selection at the individual level. It is attractive 
because it may explain why the altruistic, group functional behavior of humans 
seems to be so commonly embedded in systems of supernatural sanctions and costly 
rituals. Campbell (1973) has alluded to this problem by noting that religion may 
provide a stronger source of adaptive wisdom for people living in modem societies 
than sciences like psychology have yet developed. Rappaport (1979: 100) writes of 
his proposed functions of Tscmbaga ritualized warfare: 

I have argued, however, that there may be no simple, direct rclationihip 
between the amount of testable empirical knowledge included in a cognized 
model and the appropriateness of the behavior it elicits. It is by no means 
certain that the representations of nature provided us by science are more 
adaptive than those images of the world, inhabited by spirits whom men 
respect, that guide the action of the Manng and other "primitives." To drape 
nature in supernatural veils may be to provide her with some protection against 
human folly and extravagance 

Similarly. Freilich (1980) argues that the most symbolic culturally transmitted traits 
code for "proper," group functional behavior and are opposed by less symbolic 
"smart" traits that are related to individual advantage. Perhaps it is necessary to 
remove cognized models from easy attack by individual calculation in order to 
achieve group-level functions. Otherwise direct bias, guided variation, and other 
forces derived from selection for individual cultural and genetic success may 
destroy them. The runaway and drift-away processes derived from the indirect bias 
force may provide such protected variants. Finally. Goode (1978) has interpreted 
prestige itself as a means of social control. In his functional view of prestige, status 
and recognition are normally accorded to those who are most altruistic and effective 
at promoting the welfare of the group as a whole. 

In its most extreme version, this hypothesis would invert the usual socio- 
biological interpretation of prestige Irons (1979b), Dickcmann (1979), and others 
have argued that the fact that in many societies prestigious males are also polygy- 
nous is strong confirmation of the hypothesis that cultural traits enhance genetic 
fitness. However, if prestige is accorded mainly for group functional behavior, then 
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it is possible that group selection acting on cultural variation has favored patterns 
of mating that act to increase the frequency of genes which increase the success of 
the group but would reduce individual fitness in the absence of the culturally 
acquired mate preference. Throughout this book, we have assumed that genetically 
transmitted biases could act to shape the direction of cultural evolution. Cultural 
traits which affect mating preference could similarly affect genetic evolution 
through the action of sexual selection. In effect, the human genome could be 
"domesticated" by culturally transmitted traits. Much as a prize bull has high 
genetic fitness because he contributes to a farmer's profit, a prestigious figure may 
be allowed extra opportunities to reproduce because his genotype produces individ¬ 
uals that tend to be active on behalf of their culture. 


Afunctionalism 

Marshall Sahlins's "cultural reason” hypothesis envisions a more radical departure 
from sociobioiogicai hypotheses than the weak interaction or cultural group selec¬ 
tion proposals. Ultimately, the latter two leave function to be explained by some 
form of natural selection, even if selection on culture rather than genes. Sahlins 
(1976a: 102) objects: 

All these types of practical reason have also to common an impoverished 
conception of human tymboting For all of them, the cultural scheme is the sign 
of other “realities." hence m the end obeisant assows arrangement to other 
laws snd logics. 

While we hesitate to claim (hat any version of dual inheritance theory directly 
translates into Sahlins's cultural reason, the runaway process does resemble it. 

To show that the runaway process conforms to the views of symbolic anthro¬ 
pologists like Sahlins we need to show that it has two properties. First, it must lead 
to the evolution of symbols. Second, the dynamics of the evolution of symbols by 
the runaway process should, in some sense, be driven by cultural factors, not 
genetic or environmental ones. 

How does the runaway process create meaningful symbols? The runaway pro¬ 
cess creates symbolic indicator traits, beginning with icons and indices, in the 
following sense: We assumed that initially the admired variant was a good indicator 
of adaptive superiority. All other things being equal, it is plausible that the best 
farmers would tend to grow the largest yams. Thus at the outset the indicator trait 
is an index of fanning skill, not yet a symbol of prestige. If the runaway process 
ensues, the most admired variant of the indicator trait will not be the most useful 
index of an individual's adaptive trails—it will confer prestige, but only because 
the rest of the population believes that it is prestigious. It is likely that fanners could 
devote the time and energy necessary to grow gigantic yams to better purposes. It 
is true that we can explain the connection between the indicator trait and prestige 
by understanding the dynamics of the runaway process, so the connection between 
the symbol (giant yams) and the meaning (prestige) is not completely arbitrary. 
However, it is in the nature of the runaway process that very small differences in 
initial conditions can give rise to very different results. In a different population 
starting under almost identical conditions the process might result in a different 
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indicator of prestige. It might be the color or shape of the yam that would be 
important, or another aspect of farming altogether. 

The runaway process can also be thought of as deriving its dynamics from 
cultural factors. Once the runaway process has been initiated, the main force acting 
on the indicator trait results from the choices made by naive individuals, choices 
which are based on their values of the preference trait. Thus we imagine that the 
mean amount of time and effort devoted to raising giant yams increases because 
people admire and imitate those who grow large yams. The main force acting on 
the preference character is due to the same cultural preference. The size of yams 
that people find most admirable increases because they have a tendency to acquire 
their attitudes about yams from people who grow large yams. Adaptive factors are 
necessary to explain the evolution of the indirect bias mechanism, and why some 
characters are initially associated with success. But once initiated, a runaway 
process follows its own internal logic. 

If many different traits have been entrained in this runaway process, each culture 
may contain a more or less equal number of afunctional or counteriunctiona! traits. 
Group selection, individual selection, and the other functional forces derived from 
them may eliminate the most extreme countcrfunciional traits and whole cultures 
with an excessive concentration of deleterious traits. However, at equilibrium a 
large amount of costly cultural variation might remain in most cultures. If each 
culture has approximately the same sum total of functional and counterfunctional 
traits, variance in group fitness could be very small even if the mix of functional 
and countcrfunciional traits is very different in different cultures. 

Symbol systems generated in this way would tend to retain a strong internal 
logical relationship between the various traits in the system. The runaway process 
will generate variation which is random with respect to fitness because small 
variations in the initial conditions with respect to the indicator and preference traits 
will lead to quite different outcomes. However, the trajectory generated by the 
runaway process is smooth, and the traits involved maintain an organized cor¬ 
relation to one another. If this hypothesis is conect, a large amount of cultural 
variation might be comprehensible only in terms of the internal logic that drove the 
runaway process in each culture. This logic will, however, have more in common 
with esthetic than functional design. Much as peacock tails and bowerbird houses 
are thought to result from runaway sexual selection, the indirect bias runaway 
process will generate traits with an exaggerated, interrelated, aesthetically pleasing 
but afunctional form. The functional forces may thus constitute merely "a range of 
tolerance in the exploitation of the environment or the satisfaction of biological 
requirements beyond which the system as constituted can no longer function—is 
selected against "' (Sahlins, 1976a: 208). 

The range of tolerance might be extremely broad if cultural mechanisms control 
genetic reproduction as in the previous hypothesis. If the cultural runaway process 
entrains actual mate choice, people may come to have genes that cause them to 
prefer mates who display a gaudy repertoire of cultural symbols. Perhaps the 
elaborate esthetic sense of modern Homo sapiens is as much a consequence as a 
cause of cultural evolution. 

Notice that in the case of the cultural runaway process colorful displays are not 
as likely to be limited to the male sex as they are with the genetic analog. A 
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prestigious male or female can have an unlimited number of cultural offspring by 
non parental transmission, whereas in the genetic case only males can take advan¬ 
tage of multiple matings to increase their fitness enough to compensate for costly 
displays. The fact that women as well as men participate in elaborate symbolic 
behaviors is more consistent with a cultural than with a genetic runaway expla¬ 
nation. 

Even this version of the symbolic hypothesis can be consistent with the notion 
that the human cultural inheritance system is adaptive. We have seen that indirect 
bias provides a good general inheritance rule because it allows an efficient shortcut 
to directly evaluating alternative cultural variants. Thus it is possible that, averaged 
over many different traits and many different human groups, indirect bias is adap¬ 
tive, even though for some traits in some groups it leads to the elaboration of 
maladaptive markers of prestige. As in the cases of selection on asymmetrically 
transmitted cultural variants and frequency-dependent bias, the cost of individual 
evaluation of traits may favor indirect bias even if cultural traits are frequently 
entrained in the maladaptive runaway process. 

Even if cultural evolution has so completely entrained genetic evolution in the 
runaway dynamic that ordinary adaptation exerts only the weakest constraints on 
the evolution of symbolic traits, it could have done so without violating the assump¬ 
tion of natural origins. We need only imagine that natural selection favored sym¬ 
bolic capacities and the use of indirect bias during the period when the potential for 
the runaway and drift-away arose. Once this potential evolved, even for perfectly 
good adaptive reasons, adaptive forces might not be strong enough to prevent 
grossly maladaptive outcomes. 


Conclusion 

It it is often argued that Darwinian theories of evolution must result in adaptive or 
functional hypotheses about human behavior (Sahlins 1976a, 1976b). The results 
of this chapter demonstrate that this argument is incorrect. Nonadaptive, or even 
frankly maladaptive, cultural variants can spread in a population under the 
influence of indirect bias, even in the face of selection and direct bias favoring more 
adaptive variants. Furthermore, the runaway or drift-away situation arises naturally 
from the genetically adaptive uses of indirect bias. Hypotheses derived from mod¬ 
els of indirect bias may or may not correspond closely to those sought by symbolic 
anthropologists to explain symbolic behavior, or some alternative hypothesis based 
on individual self-interest may ultimately be shown to best explain the data. How¬ 
ever, we do believe that the models of this chapter demonstrate that dual inheritance 
models offer a wide variety of systematically linked hypotheses about the nature of 
human behavior. 
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Conclusion 

All resemblances of social origin in society are the direct or indirect fruit of the 
various forms of unitatioa.—custoni-iniitatiofi or fashion-imitation, sympathy- 
inutation or obedience-imitation, precept-imitation or education-imitation, na¬ 
ive imitation, deliberate imitation, etc . In this lies the excellence of the contcm- 

come into more general use. 

Gabriel Tank, The Laws of Imitation (1903, p. 14) 



The turn-of-the-century French sociologist Gabriel Tank believed that invention 
and imitation were the crocial distinguishing features of human life. In The Laws 
of Imitation, he described his attempt to build a theory of “pure sociology" based 
on the dynamics of these two processes. He thought that the historical development 
of “doctrines and institutions" was driven by a "logical duel.” Doctrines and 
institutions arise by invention and spread by imitation. People are often exposed to 
two similar ideas that conflict with each other. In the end the conflict must be 
resolved by the overthrow of one idea by the other, or by some reconciliation 
between them. 

Fateful decisions by the late nineteenth- and early twentieth-century founders of 
the disciplines that constitute the biological and social sciences created the logical 
duels that we still struggle to resolve by triumphs or compromises. The unified 
character of a previous generation of scientific theorizing, perhaps best exemplified 
by Darwin’s attempts to include humans in the compass of evolutionary theory and 
at its worst by Spencer's speculative analogizing, broke down. A detailed exam¬ 
ination of the reasons for this development is best left to professional historians of 
science. However, it is interesting to examine the rationales given by Tank's 
generation, who did so much to create the form of modem science. 

Tank made two important choices in the elaboration of his theory: (I) he set 
aside all biological considerations in an effort to develop a “sociology pure and 
abstract" and (2) he rejected the notion of “the adaptation of living or social types 
to external phenomena” as a legitimate mode of explanation (Tank, 1903 (1962): 
xxi-xxii; 141). He defended the rejection of biological considerations mostly as a 
practical matter of disciplinary specialization; these were important but better left 
to other, more competent specialists But he also argued that biological expla¬ 
nations of human differences had been overemphasized and that the laws of imita¬ 
tion gave a truer and more hopeful account of human progress than racist theories. 
Tank rejected adaptation to external conditions as a prelude to his development of 
a scheme of internal, logical, and extralogical laws of imitation. 

These choices, and similar ones made by Tank's contemporaries, defined the 
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major issues in the scientific study of the human species; we still debate them in 
much the same terms today. Here there is a certain appeal to Tarde's model of the 
“logical duel." Once invented and diffused, contradictory ideas snuggle for su¬ 
premacy until one is triumphant or until a resolution is invented. The invention and 
initial spread of different ideas might have led to different disciplinary structures 
ind scientific debates. 

Many of the principals in the current debate about the roles of culture and 
biology in human behavior argue for the triumphant overthrow of views in conflict 
with their own. With regard to the importance of biology and adaptation, all of the 
logically possible combinations are stoutly defended by one group of scholars or 
another. Like Tank, Marshall Sahlins (1976a. 1976b) argues that both the effects 
of genes and adaptation to economic or ecological circumstances can be safely 
ignored in explanations of culture in favor of factors internal to the logic of culture. 
By contrast, Marvin Harris (1968, 1979) proposes that adaptation to material 
conditions by cultural mechanisms is paramount but asserts that the effects of genes 
on this process are of link or no importance. Human sociobiologists (such as Irons, 
1979a) take a third position: that genetic adaptation is paramount and that there are 
various mechanisms by which imitation might be constrained to enhance biological 
fitness. Finally, ethologists, some sociobiologists. and perhaps classical social 
Darwinists (Bannister, 1979) have often argued that biology plays a large rok in 
human behavior but that these traits were selected under past environments and are 
often quite pathological under contemporary conditions. 

We think a reconciliation of these views is more likely than the triumph of one. 
Human beings are both biological and cultural organisms. Systems of inheritance 
have internal structure and relationships to the external world. Individuals are the 
products of gene pools and cultures; they are loci of natural selection and decision 
making. Gifford Geenz's (1973: 44) pica expresses our feelings almost exactly: 
"we need to replace the 'stratigraphic' conception of the relations between the 
various aspects of human existence with a synthetic one; that is, one in which 
biological, psychological, sociological, and cultural factors can be treated as vari¬ 
ables within unitary systems of analysis." It is certainly likely that in isolated 
instances certain explanations of human behavior will be triumphantly rejected. For 
example, we do not think that genetic differences between races for behavioral 
traits will prove important. However, most proposals regarding the causes of 
human behavior seem to have some merit, at least as interesting hypotheses. A 
synthetic rather than stratigraphic conception of the aspects of human behavior 
studied by the disciplines in the social and biological sciences seems to us to be 
more fruitful. 

That genes and culture, individuals and populations, and adaptation and symbols 
all play a rok in human evolution is a truism, yet the twentieth-century scientific 
debates about human behavior result from giving causal priority to one element or 
another. In the absence of models which explicitly link the elements, say genes and 
culture, the commonsensical middk position has nothing to offer except the truism, 
while the extreme positions are at least provocative and interesting. 

In this chapter we do three things. First, we summarize the main results of the 
book. This is not an easy task since it seems that the presence of two systems of 
inheritance leads to complex evolutionary problems and possibilities. Second, we 
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try to show that some of these diverse possibilities correspond to the hypotheses that 
figure in traditional scientific debates over the causes of human behavior. This 
discussion is designed to emphasize the role that dual inheritance theory might play 
in unifying the human sciences. It summarizes our argument that the theory can be 
used to construct many different plausible hypotheses in a common framework that 
allow us to understand, if not the real world, at least how our various theories of 
it are related to each other. Finally, we outline what we think are the most important 
theoretical and empirical gaps in our present understanding of human evolution and 
behavior. On the theoretical side, the set of sample theories and general models we 
and others have constructed obviously need to be extended. On the empirical side, 
more information is necessary to constrain the selection of appropriate sample 
theories and to test the predictions of general models 

Summary of Main Results 

The main virtue of the Darwinian approach to the study of cultural evolution is that 
it provides a natural framework for expressing the relationship between the causal 
elements that combine to produce human behavior. It often allows apparently 
conflicting, opposed hypotheses to be formulated as special cases of more general 
models and gives logical structure to mixed or intermediate hypotheses. For exam¬ 
ple. the degree of the coupling of cultural traits to genes can be expressed by the 
strength of genetically transmitted determinants of the guided variation and bias 
forces. According to Rapoport (1967), many seemingly irreconcilable scientific 
conflicts have been resolved by theories of this kind. 


Mechanisms and origins 

We have tried to build models to answer two related kinds of questions: First, given 
assumptions about the structure of cultural transmission, how might evolution 
proceed? If the assumptions of the analysis are empirically correct and the model 
a reasonable one. we obtain some understanding of how evolution works. Second, 
we want to understand under what circumstances a particular structure of cultural 
transmission is likely to be adaptive: why do particular structures or behaviors 
exist? Answers to such “why" questions are more fundamental, but necessarily 
more speculative and problematical, than answers to “how" questions. 

Some biologists are critical of the "adaptationist program" in evolutionary biol¬ 
ogy. and especially of attempts to apply it to the human case (Gould and Lewontin, 
1979). Abuses of adaptive arguments are fairly common. Functional “just-so*' 
stories are easy to construct, the side effects of changes in one character on other 
characters are sometimes ignored, and assumptions of equilibrium may often be 
incorrect. Evolutionary accidents and random events, even on a grand scale, may 
play a role in evolution (Stanley, 1979). 

It is important to keep in mind, however, that hypotheses invoking accidents or 
disequilibrium are equally prone to abuse. Such hypotheses are difficult to test 
empirically because they are intrinsically more complex and because they involve 
dimly understood events of the past. If ordinary adaptive explanations are prone to 
the just-so problem, so are these alternatives. Moreover, such hypotheses provide 



too convenient a way to rescue the assumption that humans have transcended 
nature. Humans seem to be predisposed to believe that culture provides a funda¬ 
mentally superior mode of adaptation. Our understandable desire to see humans 
elevated somehow above the common run of beasts ought to be taken into account 
before we accept explanations entailing accidental evolutionary “breakthroughs." 

The cultural inheritance system 

In Chapter 3 we defined culture as the information affecting phenotype acquired by 
individuals by imitation or teaching. The crucial problem addressed in that chapter 
was whether or not culture can usefully be described as a system of inheritance. We 
concluded that a number of lines of evidence, ranging from the psychological 
properties of social learning to the existence of the cultural analog of phylogenetic 
inertia, support this assumption. The most important source of ambiguity is the 
difficulty in estimating the relative importance of cultural variation, genetic vari¬ 
ation, and the effects of correlated environments. All three factors can cause 
behavioral similarities in families, among whom data are most easily collected. The 
ditB do not coo trad ice the common assumption that the bulk of human behavioral 
variation is cultural, but neither do they rule out an important role for genes or for 
the effects of correlated environments. 

We believe that the evidence is sufficient to justify theoretical analyses that 
depend upon the assumption of large amounts of hen table cultural variation. In 
Chapter 3, we introduced very simple models in which naive individuals accurately 
copied their cultural parents. We supposed that errors occurred but that they were 
random and unsystematic. Not surprisingly, such models show that unbiased copy¬ 
ing leaves the mean variant in the population unchanged. This, in tum, suggests 
that we look for processes which systematically affect the frequency of different 
variants in the population. 

Inheritance of acquired variation 

Cultural transmission differs from genetic transmission bcciusc it includes the 
inheritance of acquired variation. Errors in social learning, other random environ¬ 
mental effects on behavior, and systematic, nonrandom variations acquired by 
teaming may be transmitted. The effects of random errors, the cultural analog of 
mutation, were included in many of the models in the book. For example, in 
Chapter 3 we noted their possible role in maintaining variation in the face of 
blending inheritance. Usually, however, we chose to concentrate on forces that 
affect mean trait values and frequencies 

In Chapter 4, we analyzed a model in which a simple model of learning was 
coupled with cultural transmission. A naive individual first learned its parent’s 
behavior, and then modified what it acquired according to a learning rule that was 
assumed to result in behavior which, on average, more closely approximates a goal 
that is contingent on the individual’s environment. The result is an evolutionary 
force, labeled the force of “guided variation,” that moves the mean behavior of the 
population toward the goal of learning. The strength of this force depends on the 
amount of learning, but even quite weak learning can lead to a potent evolutionary 



284 Conclusion 


force. Unlike the forces that result from biased transmission and natural selection, 
the force of guided variation is independent of the amount of variation in the trait 
in the population. 

It might seem that such a capacity to transmit the results of parents' learning to 
children acts as an unmitigated adaptive advantage by cutting the children's cost of 
learning. We saw in Chapter 4 that this reasoning is incorrect. Even when cultural 
transmission itself imposes no costs, it is most likely to be favored, relative to 
genetic transmission plus ordinary learning, only in environments that are not too 
variable. 


Sequential transmission and the bias forces 

Although we have often spoken of naive individuals imitating experienced models, 
the distinction between the two is only relative. Even an infant engaging in its first 
episodes of social learning is an active, sentient organism. In general, we do not 
expect imitation to be a passive process. Individuals are likely to evaluate alterna¬ 
tive traits and alternative models and adopt some trails disproportionately on the 
basis of such evaluations. We termed the series of evolutionary forces that result 
from these processes biased transmission and distinguished three types: (I) direct 
biases exercised by evaluating the traits to be adopted by their own properties, (2) 
frequency-dependent biases in which the commonness or rarity of traits is used as 
the criterion for adoption, and (3) indirect biases which result from choosing 
models on the basis of index traits, after which other traits are imitated without 
further evaluation. 

The psychological mechanisms responsible for direct bias overlap substantially 
with those that underlie guided variation. One can think of direct bias as a kind of 
trial-and-erTor learning in which modeled behaviors, instead of self-generated ones, 
are used as trials to be tested against the guiding criteria. Like guided variation, 
even weak biases can move the population toward the optimum trait value (or 
toward high frequencies of the variant favored by the bias, at any rate) fairly 
rapidly. Unlike the force of guided variation, all of the bias forces depend on the 
existence of cultural variation; rates of evolution are maximal when variation is a 
maximum. 

Direct bias and guided variation are also similar because they are derived 
“decision-making” forces. Understanding their adaptive signihcance requires us to 
examine the guiding criteria that control how alternative cultural variants are 
evaluated. Ultimately, we must understand these derivative forces in terms of 
natural selection and random effects operating on either genetic or cultural variation 
in the rules that govern how choices are made. In Chapter 5. we attempted to 
deduce what kinds of genetic determinants of biases might be favored by selection 
on genes, concluding that general biases have an advantage in spatially variable 
environments. As with guided variation, the adaptive advantages of culture ap¬ 
peared to be greatest when culture provides a way of adapting to a variable 
environment that is not available to genes directly. General-purpose direct biases 
are a mode of adaptation to spatial variation useful in situations where migration 
rates are too high to allow a really effective genetic response. As a corollary, the 
models suggested that genetic differentiation between human populations for deter- 



m man is of biases is unlikely. The intensity of selection on the determinants of 
biases is always weaker than selection oo genes determining phenotypes more 
directly. If genetic adaptation to variable environments is favored, it is more likely 
to be via direct genetic specification of behavior than indirectly through biases. 

The crucial determinant of the strength of direct bias and guided variation is the 
cost of estimating which cultural variant is favored in the local environment. If this 
cost is high, our model predicts that direct bias and guided variation will be weak 
or even nonexistent. Weak learning will allow cultural variation to be preserved. 
On the other hand, if costs are low. strong biases or guided variation might evolve. 
In the case of guided variation, strong learning implies that little use is made of 
culture at all. Strong bias implies little heritable cultural variation; people might 
choose ideas from a large common pool, as suits their circumstances, rather than 
from a small sample of models whom they come to measurably resemble. 

The available empirical data do not support any sweeping generalizations about 
the strength of guided variation and directly biased transmission. However, some 
evidence suggests that direct bias and guided variation may be weak for at least 
some classes of traits. The evidence from social learning theory (reviewed in Chap. 
3) indicates that many traits are acquired by imitation and are only weakly 
influenced by trial-and-error learning. Psychometric data appear to show substan¬ 
tial heritability of cultural traits, and the existence of cultural inertia indicates that 
cultural trait frequencies change relatively slowly. The evidence from behavioral 
decision theory suggests that humans' ability to make accurate choices is quite 
modest. Often, people acquire cultural theories about the world based on weak or 
nonexistent evidence (this will lead to weak biases) and then are resistant to 
disconfirming experience. Finally, decision-making costs are likely to be especially 
high for many common choices that have low “trialabtlity"—whom to marry, what 
occupation to choose, what major capital investments to make, whether to convert 
to another religion, and so forth. For such behaviors, an individual can try only one 
to a few alternatives in a lifetime, and mistakes are generally costly. 


Asymmetric transmission and the natural selection of cultural variations 

If we are correct, the forces of guided variation and direct bias are often weak 
enough to lead to substantial cultural variation, and therefore natural selection will 
be an important force acting to change the frequency of different cultural variants. 
It seems likely that individuals characterized by some cultural variants will be more 
likely to survive or attain social positions that cause them to be imitated than 
individuals characterized by other variants. When this is true, natural selection will 
increase the frequency of those variants. However, when the cultural and genetic 
transmission systems are asymmetric, the variants favored by selection on cultural 
variants need not be those which would optimize genetic fitness. 

Two inheritance systems are asymmetric when their patterns of transmission 
differ. In many diploid sexually reproducing organisms, the inheritance of sex and 
autosomal chromosomes is asymmetric. Cultural and autosomal genetic trans¬ 
mission are asymmetric to the extent that models other than genetic parents are 
effective in cultural transmission or when the two biological parents have unequal 
weights. Since virtually every society allocates roles in socialization of children to 



286 Conclusion 


adults other than genetic parents, and because peers can learn from one another, 
cultural and genetic transmission are often asymmetric. Different elements of the 
cultural repertoire are also commonly transmitted asymmetrically with respect to 
each other. 

Asymmetric transmission may commonly be genetically adaptive, and hence a 
capacity for this form of cultural inheritance may be favored. Since cultural trans¬ 
mission is sequential and occurs over a long span of time, the capacity for asym¬ 
metric transmission acts as insurance against the death or absence of genetic 
parents. Increasing the effective number of cultural parents via asymmetric trans¬ 
mission also increases the effectiveness of direct, frequency-dependent, and indi¬ 
rect biases. Indeed, frequency-dependent bias is not possible unless cultural trans¬ 
mission is asymmetric; if. as we have argued, these forms of biased transmission 
provide a good general purpose way of increasing the chance of acquiring locally 
favored variants, then this must favor asymmetric transmission. 

In our view, the most interesting potential effect of asymmetric transmission is 
the way natural selection can act on asymmetrically transmitted variants If models 
occupying social roles other than that of genetic parent are important in cultural 
transmission, and if cultural variation affects which people attain these roles, then 
selection can increase the frequency of cultural variants that reduce ordinary genetic 
fitness. (Analogous results obtain in the case of asymmetries within the genetic 
system, Hamilton, 1967.) In metaphorical terms, if opportunities for asymmetric 
transmission exist, individuals may be forced to "decide” between increasing their 
genetic and their cultural fitness. For example, modem middle-class young adults 
seem to reduce the number of children they have, and to direct resources to the 
achievement of professional success, in order to have an effective role in horizontal 
or oblique transmission Similarly, in b«g-man-dominated horticultural societies, 
those who compete for high-stafus roles seem to depend on the exploitation of 
relatives to achieve influence. In agricultural societies, parents often manipulate 
their children in order to live a comfortable old age. When age confers high status, 
elder* could be ucrificing (heir genetic interest in their children and grandchildren 
for the chance to be active in oblique transmission 

Frtqu*ncy-d*p*mdtnt bias 

Frequency-dependent bias occurs whenever individuals who are exposed to more 
than two models are disproportionately likely to imitate the common types (con¬ 
formist transmission) or the rare types (nonconformist transmission). In Chapter 7, 
we showed that conformist frequency-dependent bias creates a force which acts to 
increase the frequency of the more common cultural variant in the population. This 
means that, in a heterogeneous environment, it also has the effect of greatly 
reducing the importance of a given degree of migration into a semi-isolated sub¬ 
population from surrounding ones. 

"When in Rome, do as the Romans do” expresses the simplest adaptive con¬ 
sequence of a frequency-dependent bias. The prevailing behavior of the inhabitants 
of a local area may be superior to that of immigrants and visitors if local conditions 
are special. A frequency-dependent bias is likely to be advantageous in spatially 
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heterogeneous habitats because this decision rule is probably inexpensive compared 
to a detailed evaluation of various alternatives. 

Frequency-dependent bias also has the effect of decreasing variation within 
groups and increasing and preserving variation between groups. In Chapter 7 we 
modeled how cultural group selection might work and argued that some of the 
patterns of human altruism can be explained by this mechanism. We also argued 
that the evidence regarding the scale of cooperation, for example within ethnic 
groups, is difficult to reconcile with any model, including sociobiologica! models, 
which portrays human behavior as self-interested in the inclusive fitness sense. 

Indirect bias 

Indirectly biased transmission occurs when some traits—we called them indicator 
traits—affect an individual's attractiveness as a model for other traits. For example, 
being characterized by a dialect that indicates prestige may cause an individual to 
be an attractive model for beliefs about innovations or attitudes toward political 
issues. The possibility of imitating models other than genetic parents, and of 
imitating different models for different traits, means that indirect bias is potentially 
a very important force. It acts to increase the frequency of traits that are correlated 
with the indicator trait on which the choice or preference trait operates. Several 
transmission effects and forces tend to build and preserve the covariation between 
indicator traits and incidental ones. 

Indirect bias can be an effective decision rule for acquiring adaptive information. 
As Flinn and Alexander (1982) argue, imitating those who appear to be successful 
in a particular habitat is a commonsensical rule, and we showed in Chapter 8 that 
this intuition is indeed correct. In a spatially or temporally varying environment 
some characters, such as wealth, may be correlated with fitness in a variety of 
habitats. When this is the case, indirect bias provides an economical way of 
increasing one’s chance of acquiring locally adaptive cultural variants. 

On the other hand, indirect bias can lead to unstable nineway or drift-away 
dynamics analogous to those that may operate in some cases of sexual selection. 
We suppose that indirect bias becomes established because of its adaptive advan¬ 
tages and that under most circumstances this may be the only result. However, if 
certain conditions are met, the system evolves by the dynamic of indirect bias 
alone. If the average person prefers to accord high prestige to (and imitate the 
behavior of) people with above-average values of the indicator trait, the preferences 
can continue to evolve, dragging the indicator trait up another notch as well. We 
know this process as “keeping up with the Joneses.** In imitating the Joneses' new 
car purchase, we may also have acquired the Joneses' heightened sensitivity to cars 
as markers of status, doing our bit to feed the further evolution of the system. 

The runaway and drift-away cases may also create between-group variation that 
can be affected by group selection. For example, in the runaway case, an accident 
of initial conditions might have caused evolution to run in the direction of pious 
self-denial instead of conspicuous consumption. The average person might tend to 
admire somewhat older or less expensive cars than people on average own. If 
variation between groups is not destroyed by the flow of ideas between groups, then 
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selection among groups will favor those groups in which the runaway (or drift- 
away) process has increased the frequency of variants that enhance their success in 
competition with other groups. This argument may explain why the ethical systems 
that bind complex societies together are deeply embedded in complex systems of 
meaningful symbols; the norms that regulate individual conduct for the good of the 
group might originally have been produced as accidental by-products of the evo¬ 
lution of the symbol system. 


Culture, costly information, and Uu argument from natural origins 

A central concern of this book has been to assess the human sociobiologists' claim 
that human behavior can be understood in the same way as the behavior of other 
animals—by investigating how alternative behaviors affect genetic fitness. This 
claim is based on what we called the argument from natural origins: since humans 
evolved from acultural ancestors, and since selection can only favor traits that 
increase the fitness of their bearers, it is likely that the human capacity for cultural 
inheritance enhances genetic fitness. Human sociobiologists interpret this argument 
to mean that we can understand particular behaviors of people in particular soci¬ 
eties, or classes within societies, by analyzing how alternative variants of those 
behaviors affect genetic fitness. 

The argument from natural origins itself is compelling, but the human 
sociobiologists' interpretation is not because they fail to account for the fact that 
individual learning sometimes is costly and error prone. When this is the case, it 
may be more efficient to copy the behavior of others than to make an elaborate 
individual search for the optimal behavior. In many circumstances the behavior of 
experienced conspecifics is closer, on the average, to the optimal behavior than the 
behavior that a naive individual could discover by itself. If imitation is also easier 
than trial- and -error learning, then it seems plausible that social learning would be 
favored by selection. The models in Chapters 4 and 5 show that this argument is 
cogent; a strong dependence on social (as opposed to individual) learning can be 
favored by selection in many kinds of variable environments. Once cultural trans¬ 
mission is established, selection on the capacity for culture can use the properties 
of cultural transmission to reduce the cost of individual decision making still 
further. Rules of thumb for acquiring culture, such as indirect and frequency- 
dependent biases, can substitute for tnal-and-error learning. There often appear to 
be genetic fitness advantages to asymmetric transmission, if only to make better use 
of the bias forces. However, asymmetric transmission can create patterns of cul¬ 
tural variation on which natural selection can act to favor variants which do not 
maximize genetic fitness, such as limitations on family size to increase individuals’ 
abilities to transmit culture to individuals other than offspring Cultural behaviors 
that are irrelevant or counter to genetic fitness can also evolve in the runaway and 
drift-away cases of indirect bias. 

Even if many cultural traits have evolved away from genetic fitness maximizing 
values, the cultural transmission system as a whole can be fitness maximizing. It 
need only be the case that the costs of stronger individual learning, more accurate 
biases, and more symmetrical transmission are higher than the costs imposed by the 
evolution of nonoptimal cultural traits. Selection for genetic capacities for culture 
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should favor Ihosc Wilh maximum total benefits averaged over many individuals 
and many generations, even if reducing information costs means that most individ¬ 
uals carry many nonopcimal cultural traits, considered one trait at a time. The 
available evidence is consistent with the assumption that people do depend exten¬ 
sively on weakly biased cultural transmission to acquire the bulk of their behavioral 
repertoires. In evolving a reliance on cultural transmission, the human species may 
well have “traded" high rates of random error caused by individual learning in 
variable environments for a lower rate of systematic error (with respect to genetic 
fitness) due to the partial autonomy of cultural evolution. 

By taking account of the cost of acquiring information, we were able to construct 
a variety of hypotheses about the origin of culture and the mechanisms by which 
genes and culture interact, all of which are consistent with the argument from 
natural origins. These range from sociobiological hypotheses in which human 
behavior tends strongly to maximize genetic fitness to hypotheses in which the 
runaway case of indirect bias has entrained genetic evolution by setting up criteria 
for mate choice. Moreover, it is easy to formulate intermediate hypotheses and to 
imagine that the extent to which human behavior maximizes genetic fitness depends 
on the kind of trait, the structure of cultural transmission in particular societies, the 
environmental situation, and other details. 


The Utility of Dual Inheritance Theory 

The skeptical reader who has come this far with us (or the impatient one who has 
turned to this chapter in order to peek at our summary) may be disturbed by the 
qualified nature of our conclusions. Constructing an acceptable science of human 
behavior has always been confusing, complex, and controversial. Docs dual inher¬ 
itance theory offer a way out of these traditional difficulties, or does it merely 
express them in new words? The answer is that dual inheritance theory is useful 
because it allows us to view opposing arguments as variants of a single theory that 
differ in their assumptions about the structure of cultural inheritance and the relative 
magnitude of the various forces affecting cultural evolution. Traditional contro¬ 
versies can ultimately be resolved by measuring the properties of cultural trans¬ 
mission and thereby determining which variant of the more general model is 
appropriate. In other words, we believe that the Darwinian models of cultural 
evolution that we and others have constructed can often clarify the issues involved 
in explaining human behavior so that steady progress can be made by further 
empirical and theoretical work. 

If this claim is conect. a Darwinian theory of cultural evolution can play the 
same unifying role that its analog does in biology. It could be argued that Darwin’s 
main contribution to biology was not his theory of natural selection but rather his 
recognition that the key to understanding organic evolution is the close study of 
heritable variation; if we can account for how heritable variation is transmitted, 
expressed in organisms, and modified with descent from ancestors, we understand 
evolution. To be sure. Darwinian biology triumphed over natural theology and 
earned an important place in nineteenth- and early twentieth-century science be¬ 
cause natural selection offered a sound, materialistic basis for a theory of organic 
evolution. However, Darwinian theory owes part of its ongoing vitality to the fact 
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that it acts as a framework for progressive empirical investigation and theory 
building. The Darwinian framework has unified biologists, even when they have 
disagreed violently about the nature of the forces governing evolution. For exam¬ 
ple, none of the principals in the fierce debate that rocked biology after the redis¬ 
covery of Mendel's laws (Provine. 1971) disagreed that evolutionary problems 
should be framed in terms of the dynamics of heritable variation, only about how 
the forces of evolution actually worked. Once the genetical theory of natural 
selection of Fisher and Wright was understood, it could be used together with 
measured selection and mutation rates to provide a unified understanding of evo¬ 
lutionary processes satisfactory to Mendelians and Darwinians. Nor do any of those 
engaged in the contemporary debate over the relevance of the microevolulionary 
processes to the raacroevolutionary events, as seen in the fossil record, disagree 
with this fundamental postulate (Stebbins and Ayala, 1981; Gould. 1982). By his 
correct choice of the essence of the problem, Darwin began the construction of a 
general theory that structured scientific debate, spurred experiments, and hence 
permitted scientific progress. 

In the social sciences, no such framework has gained wide acceptance. This has 
led to the "cyclical and repetitive opposition" of theoretical explanation described 
by Sahlins (1976a: 102). In order to illustrate the contribution we think our theory 
makes, we will review our results in terms of three problems in the social sciences 
that have led to long-continued unproductive debates. The first of these problems 
is the relationship between synchronic (ecological) and diachronic (historical) pro¬ 
cesses in explaining human behavior. Explanations based on one or the other often 
are treated as competing whereas in dual inheritance theory they are com¬ 
plementary. Second, the relationship between individuals and cultures or societies 
has been the locus of repeated debate between theorists who begin with one unit of 
analysis or the other. Our models suggest that the relationship between individuals 
and groups is indeed problematical but that the answer to the puzzle rests in solving 
certain reasonably well defined empirical problems. Finally, there are long¬ 
standing conflicts over the role of the symbolic attributes of human culture and 
cognition. Can symbols affect cultural evolution in some fundamental way? 


The relationship between ecological and evolutionary processes 

By and large, social scientists have not attempted to link the day to day events in 
the lives of individuals (ecological or synchronic processes) and the long-term or 
large scale patterns of human societies (historical or diachronic processes). Until 
quite recently, theorists of cultural evolution showed little interest in underlying 
mechanisms of evolution (Campbell. 1965. 1975). For example, in anthropology. 
Julian Steward's (1955) method of cultural ecology was not satisfactorily linked to 
his descriptive theory of multilinear evolution, though he obviously assumed that 
some link must exist. Contemporary human ecologists like Vayda and Kappa port 
(1968) seem to view historical and ecological explanations as either competing or 
separate but complementary. 

In biology, Darwinian theory is a unified theory of evolution and ecology. 
Evolutionary processes affect ecological ones because the physiology and behavior 
of individuals are affected by the genetic composition of the population. At the 
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same time, the processes of evolution, and hence the ultimate causes of what genes 
individuals inherit, are ecological in character. Ecologists end up with a theory of 
what adaptations to expect in given environmental circumstances, and evolutionists 
have a satisfactory theory of organic history. 

The central presupposition of dual inheritance theory is that a similar causal 
relationship between ecological and evolutionary processes governs cultural evo¬ 
lution. Processes on an evolutionary time scale affect contemporary behavior be¬ 
cause they determine the nature of the cultural traditions that characterize any 
society. On the other hand, to understand evolutionary processes we must under¬ 
stand the forces that act on an ecological lime scale to affect cultural variation as 
it is carried through time by a succession of individuals. 

To see how this connection is made, imagine that two groups with independent 
cultural histories move into a new, unfamiliar ecological zone. The new zone is, 
let us say, especially well suited to nomadic pastoral ism. but one of the original 
groups is agricultural by tradition, the other hunts and gathers. If learning were 
costless, both groups would adopt pastoral nomadism immediately. A synchronic 
ecological theory would explain behavior quite well. If cultural traditions were 
extremely stable, both groups would retain their traditional modes of life 
indefinitely in the new zone even in the face of severe penalties for doing so. The 
ecological theory would be useless, and a diachronic historical explanation would 
be necessary. More likely, neither model would work well. In Chapter 3 we 
reviewed evidence that much of the behavior observed in any one generation must 
be explained by cultural transmission from the previous generation, and in later 
chapters we analyzed the forces that will make more or less strong, environmentally 
contingent changes in culture each generation. For example, in Chapter 4 we 
analyzed models of guided variation that suggest that an exclusive dependence on 
either individual learning or tradition is unlikely in general. To continue our 
example, both societies will acquire new traits by invention and diffusion over a 
period of several generations as new adaptations are developed. Some techniques 
and values will spread more rapidly than others, and the rales will likely be different 
in the two societies. Evolutionary forces imposed by the environment will be strong 
for some behaviors, such as basic subsistence techniques, weaker for others, such 
as modes of social organization, and virtually absent for still others, such as 
grammar and syntax. Historical differences may lead the two societies to develop 
quite different ultimate adjustments to the new zone, particularly if they compete. 
Perhaps the original hunting group might develop a pure pastoral ism in poorer parts 
of the zone, whereas the original farming group might preempt a few oases and 
combine herding and agriculture. After many generations, each society will contain 
some traits that are recognizably related to those of its distant past, some that have 
developed and spread in the recent past, some that are still developing and spread¬ 
ing, and some that have been borrowed from other groups. 

Cultural transmission leads to persistence of behavioral traits through time, but 
generation by generation, even day by day if our measurements were fine enough 
to detect it, traditions are modified by accident, individual choices, and natural 
selection. The causes of historical change, the forces of cultural evolution in our 
terms, are processes that occur synchronically, but typically take many generations 
to complete their work. If this view is correct, synchronic and diachronic expla- 



292 Cmriadm 


nations of human behavior are merely different ways of looking at the same suite 
of causal processes, the action of evolutionary forces on the genetic and cultural 
systems of inheritance. 


The relationship between individuals and populations 

Social scientists typically have viewed the society (or population) and the individ¬ 
ual as antithetical starting points for theory. Social scientists who have adopted a 
methodological individualism, for example economists, paint a different picture of 
human behavior from those social scientists who take the society as the basic unit 
of analysis, like the followers of Durkheira Marxists and others who select classes 
or interest groups as the basic unit reach still different conclusions. It seems likely 
that much of this diversity of opinion stems from the complexity of human social 
systems. For example, human social behavior is sometimes characterized by re¬ 
markable levels of coordination and cooperation but other times by extreme self- 
interest. Both the proponents of group-level functionalism and those who argue that 
individual self-interest predominates can easily find many empirical facts that are 
consistent with their respective interpretations. 

Dual inheritance theory provides a natural way to link processes at the individual 
level with those at the level of the group. If any of the transmission models we 
developed in Chapter 3 and applied in the rest of the book are at all faithful to 
reality, cultural evolution, like genetic evolution in a sexual species, is always a 
group or population phenomenon. This is so because social learning is a process by 
which individuals acquire samples (often quite biased samples, to be sure) of their 
society's total collection of cultural variants The cultural tradition* of society are. 
in this minimal sense, imposed on individuals. However, this fact alone does not 
allow us to deduce whether evolutionary processes will favor individually advan¬ 
tageous or group functional traits To understand why a group is characterized by 
a particular distribution of variants, we must understand how the forces of cultural 
evolution act on the group. Some of these forces have their origin in the psychology 
of individuals. Learning and rational calculation will affect the frequency of differ¬ 
ent cultural variants through the actioo of the forces of guided variation and biased 
transmission Other forces are the result of larger scale social processes Cultural 
transmission creates heritable variation between individuals and groups. Many 
social processes can increase the frequency or salience of some kinds of individuals 
or groups through the force of natural selection. To understand the cultural tradi¬ 
tions that characterize a particular society, we need to estimate the net effects of 
these various forces. 

In Chapters 7 and 8 we considered the evolution of moral systems which require 
altruistic self-sacrifice. We assumed that the forces rooted in individual psychology 
would generally tend to favor selfish moral beliefs. On the ocher hand, it also seems 
plausible that human groups whose members hold self-sacrificial beliefs, which in 
turn lead to effective cooperation and a larger supply of public goods, would be 
more successful associations than groups whose members were solely self- 
interested. Given these assumptions, direct bias and guided variation would act to 
increase the frequency of individually advantageous beliefs within groups, while 
selection between groups would act to decrease the frequency of such beliefs to the 
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extent to which seif-interest conflicts with cooperative activities. *W»e relative 
strength of these two processes will depend on the relative amounts of culturally 
transmitted variation within and between groups. In Chapter 7 we showed that if 
people are predisposed to imitate locally more common cultural variants (a form of 
frequency-dependent bias), group selection may predominate. In Chapter 8 we 
analyzed models of indirect bias in which drift-away and runaway dynamics simi¬ 
larly might lead to substantial group variation on which selection could act. In 
general, such models make it possible to explain the curious mixture of selfishness 
and cooperation that seems to characterize human social systems. 


Symbolic reasoning and communication 

It is a common argument that human mental capacities associated with culture 
somehow allow humans to transcend the ordinary imperatives of nature. A. R, 
Wallace (1905). the co-discoverer of the theory of natural selection, believed that 
humans became exempt from its operation. More recently, Marshall Sahlins 
(1976a, 1976b) has argued that no adaptive or functional theory can be a complete 
explanation of human behavior. In Chapter 8 we described his view of human 
behavior: the use of arbitrary symbol systems leads cultural evolution to follow the 
internal cultural logic of meaningful systems of fundamentally arbitrary cultural 
symbols; humans construct, and impose upon nature, a symbolic order of their own 
devising. Natural processes as diverse as gravity and natural selection merely 
constrain such constructions, engineering constraints in the case of gravity and the 
need to survive and reproduce in the case of natural selection. 

The critical issue is not whether humans use meaningful symbol systems but how 
the dynamics of the evolution of such systems can come to conflict with functional 
imperatives imposed by the decision-making forces and natural selection. The 
difficulty is that the evidence that symbolic traits are nonfunctional is not compel¬ 
ling; functional theorists of various colorations can give adaptive explanations for 
even the most bizarre cultural traits. The anti-sociobiological cultural materialist 
Marvin Harris (1974, 1977, 1979) has been notably inventive in this regard. 

Dual inheritance theory is useful here because it shifts attention away from 
interpretation of macroscopic patterns of culture to the microscopic mechanisms by 
which the properties of symbols might drive cultural evolution in directions irrele¬ 
vant. or even counter, to adaptive demands. In Chapter 8 we described a micro¬ 
scopic causal mechanism, indirect bias, that can systematically elaborate the sub¬ 
jective meaning of cultural traits, even in the face of selective penalties for doing 
so. When a naive individual selects models on the basis of one trait and then 
imitates other traits without further bias, the indicator traits on which the bias is 
based are immediately indexical in character. The foods people eat signal their 
prestige and hence their general suitability as models for traits quite apart from diet. 
Once indirect bias is used, even if for perfectly good adaptive reasons, such as using 
prestige traits correlated with the possession of superior resource gathering skills to 
bias model choice, the resulting evolutionary dynamic is unstable under some 
conditions. 

The model is formally very similar to models of female choice sexual selection 
used by biologists (Lande, 1981). In fact, we were attracted to models of sexual 



selection for this problem by a certain esthetic resemblance of elaborate male 
secondary sexual characters to the similarly elaborate artifacts that are often a part 
of cultural symbol systems and by the resemblance of the underlying mechanism 
of female choice to indirect bias. In the case of female choice sexual selection, 
females are supposed to use display traits of males to choose those males which will 
endow offspring with the greatest reproductive success. In the cultural analog, 
cultural offspring choose their own cultural parents, but the structure of the situ¬ 
ation is otherwise quite similar. Both unstable sexual selection and unstable indirect 
bias cause evolution to proceed in orderly but nonfunctional directions. Eventually, 
the traits on which the selection of models is based can become quite irrelevant to 
ordinary adaptive advantages. Thus indirect bias can explain how arbitrary but 
subjectively meaningful cultural symbols evolve from functional indices, as in the 
elaborate, highly variable dress and diet markers of prestige. 

Again, if this model is a reasonable one, the repetitive and cyclical debates 
between functionalist and nonfunctionalist can be brought to the point of an ordi¬ 
nary scientific problem, progressively resolvable by further empirical and the¬ 
oretical work. Do humans actually make extensive use of indirect bias in cultural 
transmission, using arbitrary cultural symbols as the basis of choice? If the answer 
is yes, then many symbolic cultural traits may have to be explained as nonudaptive 
or maladaptive consequences of runaway or drift-away evolution. 


Future Work 

We are acutely aware that the dual inheritance model of human evolution rests on 
less than completely compelling arguments. The present theoretical machinery and 
empirical evidence are insufficient to resolve most of the interesting outstanding 
problems. However, we do think that the diversity of plausible models that can be 
developed by applying this approach to cultural evolution makes a very strong case 
for its utility. Tbe logical duels of twentieth-century social science have sometimes 
descended to burlesque imitations of the real thing, fought with much loud invec¬ 
tive but rubber swords. Unfortunately, some of the most important and basic 
questions have been treated with the lowest comedy. By providing a framework in 
which opposing theories can be expressed, dual inheritance theory provides a set 
of rules for a sharper, cleaner, more productive logical duel 

If we have done an adequate job in the body of this book, the best directions for 
future work will be as clear to our readers as they are to us. far clearer in many 
technical areas no doubt. Nevertheless, our own ideas on the point will complete 
this, the most important argument we have attempted to make. 

Theoretical models 

The complexity of the dual inheritance system offers a rich field for formal mod¬ 
eling. Although a respectable amount of analytical work has been done on this 
problem by Karlin (1979), Lumsden and Wilson (1980a. 1980b. 1981). Cavalli- 
Sforza and Feldman (1981 and references therein), and Cloninger and his col¬ 
leagues (Cloninger el al.. 1979a. 1979b; Rice etal., 1978, 1980), many interesting 
questions remain unaddressed. Few sample theories are available to represent 
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various processes, and the number of robust theoretical results is small. Especially 
important theoretical problems are: 

More complex models of biased transmission. Most decisions about whether or not 
to adopt a cultural variant may involve the application of several biases, and once 
acquired, a cultural trait can act to bias subsequent transmission events. Multiple 
biases and chains of biases may have substantially different properties than the 
simpler types we have examined. Pulliam and Dunfonl (1980) have argued that 
cognitive consistency, the pleasure felt when a new cultural variant fits well with 
a person's existing repertoire, is an important type of complex bias. These effects 
may exemplify only the need to keep decisions simple, or they may permit effective 
and complex, but inexpensive, decisions by coupling them to a few primary guiding 
criteria. The latter result might enhance the plausibility of the stronger versions of 
the sociobiology hypothesis. Can such complex biases operate effectively? 

Better models of the evolution of altruism. The scale of human social organization, 
we argued in Chapter 7, is hard to explain without group selection. Although 
conventional models of general reciprocal altruism in large groups are not a good 
alternative to group selection, it is possible that networks of pairwise reciprocal 
altruism may have interesting properties. Similarly, hierarchical models with mix¬ 
tures of reciprocity and exploitation could be a viable alternative to group selection. 

Models of age-structured cultural transmission. A considerable amount of recent 
empirical work has been devoted to studies of the human life cycle (e g. Baltes and 
Brim, 1979; Elder, 1974; Brim and Kagan. 1980). The acquisition and trans¬ 
mission of culture is distributed throughout the human life cycle; this is one of its 
main structural disanalogies with genes. Although we and others have made some 
models indirectly based on this phenomenon, the effects of age structure have not 
been explicitly investigated. As a cohort ages, the various forces of cultural evo¬ 
lution may cause the frequencies of some traits to change substantially. Changes in 
the pattern of intergeneralional transmission could have important evolutionary 
effects in such a system. For example, changes in the average age at which parents 
have children could change the frequency of traits the children acquire. Thus 
environmental conditions that affect cohort behavior of the type hypothesized by 
Easterlin (1976) and studied by Elder (1974) could have much stronger effects than 
would be possible in a genetic system. 

Models which incorporate a transmissible environment. Models of cultural trans¬ 
mission show that correlated environments are easily confounded with cultural and 
genetic transmission (Cavalli-Sforza and Feldman. 1973b, 1978; Eaves et al., 
1978; Cloninger et al., 1979a. 1979b). This problem is especially difficult when 
environmental effects have dynamical properties of their own. Examples include 
the inheritance of money and artifacts of various kinds, especially the persistence 
of expensive capital facilities such as improved agricultural land, transportation 
infrastructure, and so forth. Becker (1981) and Schelling (1978) analyze several 
models of related processes. Nelson and Winter (1982) have developed an inter¬ 
esting series of models of the evolution of firms in which capital is important as well 
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as the knowledge that conceptually resides in individuals. Understanding the insti¬ 
tutional complexity of modem societies will require the mating of a micro-level 
theory like the one we have developed here with the more aggregated one of Nelson 
and Winter. 

These effects, or parts of them, fall into the categories of social learning we 
carefully excluded from our definition of culture in Chapter 3. Information is not 
being directly transmitted to the next generation, but environmental modifications 
made by one generation do coos train the decisions, or condition the ordinary 
learning, of the next. Thus, unlike ordinary environmental effects, they are endo¬ 
genous to the evolving system of behavior. Almost any cultural explanation for a 
given pattern of behavior can be countered by a hypothesis involving transmitted 
environment plus individual decisions. For example, underdevelopment can be 
explained as a lack of the culturally transmitted skills and attitudes necessary for 
industrial production or by consequences of having to compete with the historically 
industrial nations whose inheritance of a functioning industrial system (ownership 
of capital) gives them advantages quite independently of culture. Probably both 
effects play a role in underdevelopment, but it is easy to imagine that either could 
be the primary controlling effect. The lack of models in which both arc explicitly 
included makes even primitive speculation difficult. Such models would mimic 
Alexander's (1979a: 77) version of cultural inertia, and perhaps the Marxist notion 
of historical forces. 

Empirical studies 

Formal theoretical analysis is a useful tool for clarifying logic but an arid exercise 
in the absence of well-designed empirical studies. A great deal of the existing 
information from the social sciences (and human biology) can be used to guide the 
development of dual inheritance theory, as we hope our various illustrative exam¬ 
ples have shown. However, there is often no substitute for data collected with the 
solution of a particular theoretical problem in mind. Even at the level of sophis¬ 
tication of existing models, such theoretically refined data are necessary right 
across the spectrum of the social science disciplines. Micro-level data are needed 
to understand the properties of cultural transmission and to make estimates of the 
population-level consequences of these properties, especially the strengths of the 
various forces imposed on cultural variation. More critical macro-level data on 
patterns of variation between cultures and over long spans of time within cultures 
are required to estimate what range of basic hypotheses are plausible (and which 
hypotheses for which traits in which circumstances). A few examples of experi¬ 
mental and observational studies that we think would be especially useful arc as 
follows: 

Experimental studies of the “laws” of cultural transmission. The evidence re¬ 
viewed in Chapter 3, we argued, is sufficient to indicate that culture does behave 
as an inheritance system, but it is certainly inadequate to answer many questions 
about the mechanics of cultural transmission. Is transmission particulate, blending, 
or raultifactorial? Does the analog of genetic linkage exist? That is, when a naive 
person is exposed to several models, and controlling for bias effects, is there a 
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tendency for blocks of traits to be acquired from different models, or are repertoires 
assembled independently for each trait? One approach to this problem is to fit 
theoretical models to data on family resemblances (e.g. Eaves et al., 1978; Clon- 
inger et al., 1979a, 1979b; Cavalli-Sforza et al., 1982). The difficulty with this 
design is that many complex processes interact to produce the observed cor¬ 
relations. As was the case with biological inheritance, the use of experimental 
designs to isolate the transmission processes from other sources of variation is a 
promising approach. Pull scale socialization experiments are, of course, imprac¬ 
tical. but the social learning experiments pioneered by Albert Bandura and his 
co-workers could be extended to these problems. 

Experimental studies of the dynamics of cultural evolution. Jacobs and Campbell 
(1961) pioneered the use of multi-“generation" social learning experiments. The 
basic design is to start a small laboratory society with a specified culture by the use 
of confederates, and then replace the confederates ooe by one with naive subjects 
who use first the confederates, then each ocher, for models. The change in cultural 
traits is measured as a function of "generation." Jacobs and Campbell used this 
design to test the rale of approach to naively preferred judgment on an ambiguous 
perception test as a function of personality type (authoritarian versus non¬ 
authoritarian). In our terms, they were measuring the strength of guided variation. 

Only a few subsequent studies have used this technique. For example, Insko et 
al. (1980, 1982, 1983) used it to test hypotheses about the evolution of social 
stratification. Zucker (1977) used it to test the effects of institutionalization on 
fidelity of cultural transmission. The hypothesis (confirmed) was that attributing a 
position in a formal organization to models caused naive individuals to imitate them 
more faithfully. The Insko et al. (1980) study showed a guided variation effect, and 
the Zucker study the influence of indirect bias. 

This experimental design could be modified so that the effects of all the forces 
could be investigated. Selection could be modeled by removing variant individuals 
or groups from the experimental population, migration by exchanging individuals 
between groups, and random errors by measuring the divergence between repli¬ 
cated groups. The experimenter can also manipulate the environment by giving 
individuals or groups tasks to perform, the payoffs of which are manipulated. 
Subjects from different cultures or subcultures could be used to investigate the 
effects of natural cultural variation on the various forces. 

Quantitative field studies. The drawbacks to field studies are the complexity of real 
situations and the consequent difficulty of isolating causal factors. Still, the ulti¬ 
mate test of the micro-assumptions and macro-predictions of evolutionary hypoth¬ 
eses must be made using field data. The human case is particularly vexing in this 
regard because of the impossibility of conducting field experiments to bridge the 
gap between highly artificial laboratory manipulations and natural observations. 
However, the range of ethnographic variation in humans is large, and even within 
societies the range of variation in such important filings as family structure and 
educational institutions is commonly quite considerable. 

In our opinion, the development of good theoretical tools is the main require¬ 
ment for making good use of observational data. Without sharply opposed hypoth- 
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eses or key variables 10 measure, almost any interpretation can be imposed on a 
necessarily rather ambiguous set of field data. The recent movement in ecological 
anthropology to develop and test quantitative models of human foraging behavior 
derived from general ecological theory is a promising example (Smith, 1983). The 
virtue of the models used, like those from sociobiology applied by Chagnon and 
Irons (1979), Irons (1979b), Dickemann (1981), and others, is that field mea¬ 
surements can be made to support or contradict the models. Alternatives to models 
drawn from biology can and should be made similarly specific and applied to field 
conditions. 

Reasonably sharp field teats of some of the macro-level predictions of the various 
models developed here should prove practical. For example, if group selection on 
cultural variation is important, it will result in detectable flows of resources outside 
networks of kinship and reciprocal altruism. It should make possible reciprocal 
relations of mutual trust in situations where cheating or evasion of responsibilities 
is easy. In many situations, a detectable fraction of successful ■‘cheaters" ought to 
exist. The models also predict a sharp boundary between those insiders suitable for 
altruism and trust and outsiders who may be cheated fairly freely (extramural 
sanctions aside). The ethnic group data reviewed in Chapter 7 support the group 
selection hypothesis, but they are far short of the actual measurement of patterns 
of cooperation and conflict. The effect may very well turn out to be weak or absent 
in the face of quantitative data. 

New types of micro-level field studies are needed to understand the structural 
properties of cultural transmission and the action and interactions of forces. The 
most difficult problem in such studies is the separation of genetic, cultural, and 
correlated environment effects on phenotype. In isolation, conventional psycho¬ 
metric, socialization, and life cycle studies are unlikely to make more than modest 
contributions to our understanding of the complex problems we outlined in Chapter 
3. In the absence of detailed information about how socialization actually proceeds 
in families (and outside of them), one is reduced to highly abstract guesses about 
the structure of models, in a situation where many alternatives are equally plau¬ 
sible. For example, it is not possible to judge whether the high correlations between 
parents observed for many traits in psychometric and sociometric studies are due 
to assortativc mating or cultural transmission after marriage (Cavalli-Sforza et al., 
1982). Students of human development have the techniques to assess the putative 
pathways of cultural and environmental influences but do not collect the quan¬ 
titative data on parent-offspring and other resemblances necessary for psychometric 
analysis. 

A better approach would be to combine psychometric analysis with long-term 
longitudinal studies of socialization—cultural trait acquisition and transmission— 
throughout the complete life cycle. The most practical design for a study of this 
type might be to build a psychometric study around an existing large scale longi¬ 
tudinal study such as that of Werner and Smith (1982). Or, alternatively, longi¬ 
tudinal studies could be initiated on a subset of a sample on which psychometric 
data exist, like that of Horn et al. (1979). The advantage of the former strategy is 
that good longitudinal studies of humans require many decades to complete and it 
would be useful to incorporate existing ooes. 
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Quantitative longitudinal studies are also useful to obtain fine-grained data on the 
forces that affect cultural variation. Werner and Smith (1982), for example, have 
shown how variation in child-rearing practices affects the life chances of eco¬ 
nomically deprived children on Kawai However, simple cross-sectional studies of 
forces like natural selection and indirect bias would be extremely valuable. The 
trade-offs hypothesized in Chapter 6 between genetic and cultural fitness are crit¬ 
ically measurable with data only modestly more elaborate than those reviewed. 
Does the socialization of professionals lead to reduced norms for family size and 
an enhanced opportunity to participate-in horizontal and oblique transmission? Can 
similar effects be demonstrated in non-Western prestige systems? Similarly, the 
dynamics of the spread (or failure) of abstemious religious doctrines in the face of 
biases against their practices offer a rich field for the study of a variety of evo¬ 
lutionary forces. 

Another important advance would be to measure traits which indicate cultural 
"coancestry" in different individuals. Genetic relatedness is a reasonable surrogate 
for genetic influences, and is the basis of biometrical models of the patterns of 
variation attributable to genetic effects. Comparable indices of cultural '‘parentage” 
are necessary to provide quantitative guides for transmission models. Dialect vari¬ 
ation and similar symbolic traits might be used as indices of cultural similarity; 
genetic and environmental effects on them are negligible. Such traits would be the 
cultural analog of eye color and blood type. 

Conclusion 

We have taken as our task the construction of simple models for as many of the 
basic mechanisms of cultural evolution as we could find suitable detailed sug¬ 
gestions for and for which we could make a plausible empirical case. If these 
models collectively represent a reasonably complete theory, albeit a highly 
simplified one, they ought to be a useful guide for further exploration. Like a 
sixteenth-century map of the world, the scale is small, distortions undoubtedly 
exist, some of the processes included are likely to prove apocryphal, and large areas 
are blank. The purpose of theory at this juncture is, we believe, to summarize a state 
of quite imperfect knowledge about the causes of human behavior in a way which 
makes further refinement as simple as possible. The polemicist's conceit that we 
know enough to solve basic questions in this field makes for lively controversies, 
but it is misleading if taken loo seriously. Too much hard work remains to be done. 
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ccOon of culture. 205 
132 

ots of. 225 
i of culture, 11 
Capacity far culture, evolution of. 146. See 
also Cultural transnuuion. specific fea¬ 
tures of cultural transmission and 
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Catholic v» noc-Catholic fertility. 176 
Cavalli-Sforza, L L. 
use of epidemiological models, 8 
oo cultural vs. genetic transmission, 117 
Child abuse, social learning of. 48 
Child-rearing practices, as evidence for culiunl 
transmission, 42=48 

Choice, rational, difficulty of. 161. Set also 
Bayesian decision theory; Costly 
non hypothesis; Learning com 
C oercion, and cooperation. 229-30 
Cognition, human, limits of. 170 
Cognitive style 

as cultural variation subject to selection, 

179-Ml 

and (he demographic transition. 200-201 
Colonization, mode of, and group 
234-33. 237 

Complexity, and diversity in hum- 

24 

NMCfc.'m 
Conditioning, and social learning. 41 
Conflict, between human groups, and group se¬ 
lection. 231, 238 

Conflict theory, and controversy over levels of 
explanation. 12,292 
Conformist transmission See Frequency- 
dependent bias 

Conformity, psychological research on. 223-27 
Constant environment 
equilibrium amount of i 

104 

evolution of direct bias to. 149-52 
to Lumsden and Wilson's model. 164 
See oho Environments, vviabk 
Contaminated distributions. 221 
See 


234-35 


Cooperation 

condition far evolutionary 
ooditiooa favonog 
mission, 235 

roup selection. 230-32 
vs. self-interest. 228 
summary. 286-87 
See oho Altruism; Gn 
Coro, alkali treatment of. i33 
Corporations 


237 


.92 


Correlated ■ 
confounded with. 

mission, 38-40 
models of needed. 293 
Correlations, familial 


i Of | 

39.49 

as evidence for cultural transmission. 48-33 
and natural selection. 176 
and (he unequal importance of mothen and 
fathers. 52=33 

Coat of individual learning See Learning costs, 


Costly information hypothesis 

vs. other types of biases, 1 IS 36 

bias. 220. 236 


149-35 

and guided variation. 116-17 
and indued bias. 243. 268. 279 

to. 14-16. 43 

selection on cultural variation, 
190-91. 198-99 
id the strength of di 
forces. 166-71, 285 

Of. 288-89 



style. 129 
238-39 

l. 238 

Cryptic catrous. 199-200 

See Cultural evolution, Mod- 


of. 236 


of heritable vviatioo for, 20 
Indies. 297 
of fanes. 8JI 
!0f. 8 



erf. 74. 142. 189. 210. 
; of. 


I. 188-90 


320 Subject Index and Glossary of Mathematical Terms 


Cultural parents (consumed) 

unequal number* of. 186-8*. 253-54 
Set also Asymmetric 

for m a t io n of sets of. 


Cultural reason 

and runaway process. 277-79 
M Sahlins's hypothesis. 242. 271-72. 293 
summary discussion of. 293-94 
Cultural repertoire 

of genotype, 16 
of. 33 

Cultural selection, 

132 



and costly 
Costly 

evidence for the 
1*6-70. 223-27 

evolution of. W-1Q6. 109-10, 112-13. 

116-17. 130 

of fertility norma. 201 

and oblique. 53 36. See. 


Mf 

need for law* of. 293 


as rule 

as a 

See 


43 
of. 8 

of inheritance. 20, 32, 2*3 
of bias. 133 


, social. 


Cultural variant, definition of. 33 
Cultural variation 

for altruistic beliefs. 204-6 

tS-Wl 

and biased transmission. 138. 142. 209. 254 
for cognitive style. 179 *0 


and the evolution of bus. 154-56, 192-94 
fur food preferences, 177-7* 

ependent bus. 209-23 

of. 24, S. 35. 158-61. 163, 
HL 


bias. 254-59. 261-66 
of. 67-6*. 75-7*. 98, 109, 
129. 151-52. 133 

for mortality and fecundity. 175-76 
and natural selection. 174-75 
in need for achievement, 39-60 
in religious belief. 176-77 
m status and presuge, 244-47 

151 


behavior. 


.5 

of. 38 

locus of. 32 

. 34-36 
34-35. 130-31 
of thought and feeling, 36 
Of. 6 
, 32 
symbols. 36=32 

. unit of cultural inheritance. 32 


idlnalogyui 
2*1 

of. 2.32=3* 


. 4 


of. ILlfi 
163. 163 


D [frequency -dependent bus parameter]. 20* 
om in models of: cultural group selection, 
232. cvufamon of frequency-dependent 
bias. 214 

Si (aa bused modeling parameter], 145 
9 I as coat of being punished). 229 
*L (a small change in the learning rule, L). » 
Ap (change in frequency of a cultural variant 

At [characteristic time for horuon 


172-73 


. C. D.. ideas approximating pure 

. 139 


behavior. 1 

variation, 20. 82, 


for 


. 1L 


113 



of. 19 

of culture See Darwinism 


of.2.2fl 

with Mendel ism, 123 
. L 2*2. 290-94 
rig. and evolutionary farces, 

. 2*4-85. See alto Biased trans- 
tndividual. Rational 


See Costly 
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ory, 45 

Diachronic processes. relationship lo 
chronic processes. 17, 290-92 
Dialect evolution. i 

246-47. 261.265-66 



model of 
in modeli of. 


io£ 64=68 

bias. 137-41. 146-57; 

bias. 201-13; 

I. 180 

Diffusion of innovations 

as evidence for directly biased 
166-66 

as evidence for indued baas. 245-46 
Direct bias 

adaptive consequences of. 146 
coal vs. indirect bias, 251 

lof, & L35 

146 

of. 137-41 


191-94. 191 
effective with 

todel of. 141-44 
as sociobiolocical force. 157 
Disanalogiei. 

31 

Distribution of 
definitions of. 2ftJl 

and guided vanaboo. 96=100 


142. 119 

2 = 1 , 


Dnft-swsy process 
in model of indirect bias. 264. 267 
summary discussion of. 217 
Drift, cultural. 9. 62, 68 
Dual inheritance theory 
of. 294 
of. 2 

competing views. 291-92 
and sociotxology controversy. 12-16. 133. 

202-3. 288-89 
summary of. 3-12 
and symbolic traits. 293 
utility of. 16-17. 289-94 



e, [errors m naive individual's estimations of 
model's cultural variant]. 21 
m model of biased transmission. 141 
e, [errors m the 

the jth factor of (he ah 
E. [variance of ej. 21=22 

E, (covariance of esumauon errors]. 72 

» model of indued bias. 230-51 
E [average cultural error rate], 74 

slue of L. 103 

1.92 

F, [average cultural emu rate far trait ij. 250 
*<*> (subpopulanoo esunction rale). 232-35 
c [errors made during the learning process], 

94-85 

Ecological anthropology. 298 

s. vs. historical. 290 



213; guided variation. 136-37. 2S4; 

». 124-23 

evolution of. 149-57. 191-94 
and evolution of; frequency depend* 

213; indued bias. 258. symhohe 
273 

153-57. 165-66 

of. 142 


of behavior. 32=38 
lo evolutionary process*.. LL 

290-92 

R . study of East African peoples, 

57-59 

of parents of models. See a. 


use in theory 


cats, of 

.21 

Jr# Cultural 

of. 3 


94-95. 98. LQQ 

to genetic system. 3 


See, 


See 
161-63 
». 125-21 



of: directly I 

152-57, 191-93. frequeocy- 

216-23. guided variation. 
106-29. indued bias. 258 
|. 14.94 

158 





132-33 

Erickson, M.. oo effects of 
oo behavior. 122 


113-14 
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Emm in learning {comaoaeJ ) 
effect on evolution of cultura 
105 . 113 . 116 . m 
and guided variation. 4S=92 
Lmm in social leaning Set 
ESS. See EvoluaonanJy sub*. 

i example of culturxl group ir- 
l, 238-40 

Evolution 


.13 

theory of. 3, 173, 

290 

EvoluUooxnly iubl< strategy 

114-n trr ‘f Mfr y^ t f maml 
tut amount of learning. 104-6. IIP. H3-I4 
and talernctioa of selection and direct bias. 
191-94 

relationship to moddter approach. 61 
far strength of direct btaaci. 149-57 


297 

of social 


231-14. 2X7-39 
OH) (probability density of 

f. H, «■ * 

I]. 

*P>1 *dto 



ij. 211 

F m . F*. F„. F* [frequencies of indiwJual. -uh 

SddUJi 

Fa. I frequency of individuals »itb genotype G 
and cultural variant XJ. 142 
F(Y) (distribution of phenotype value*]. 96 
and evolution of cultural transmission. 101 . 
101. 112, 122 
S [coat of punishing]. 229 
Familial correlation* Set Correlations, familial 
Family sue vs professional success. 200-201 
Fecundity, cultural variation far. I7S-77 
M 

_ icoc adaptation. U2 
use of epidemiological models as analogs of 
cultural transmission. * 

Female choice. 294 Set oho Sexual i 

200 



of. | 0 , 13^ 206 

up selection. 205-6. 232-40 

•gists. 223-24 ^ 

i of. 216 
194-97 

symbolic. 274-77. 287-81 


*J) [probability that eolonuers ate drawn from 

o mmSSSSmilm anams wi 

■ model of direct bias. 147-49. 153, 192 
G r m *** 

rtmlli'ltftl of learning rule]. 94=93 
Gakf. B . on types of social learning. 34-36 
Games, children's, as evidence for boriioeial 


84-87 
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Generality vs. realism and | 
model*. 23 

General-purpose bum. 153-57. 192. 264 
General theory 
definition of. 23 

u a family of sample theories. 26 
synthetic funcoon erf. 22 
utility of. 27-28 

Gene* plus culture hypothesis, 163=66 

Genetic transmission 

adaptive properties compared to cultural 
transmission, 117,31 

confounded with cultural t ran s m i s sio n and 

of determinants of learning. 96-100. 111-21 
haploid models, 61-62. 147. 192. 214 
In Lunuden and Wilson s models. 163-66 
quantitative models of. 121. 194 


Genetic variation 
group selection on, 230-12 
hcritabilily of. JL 35 
maintenance of. 43. 73. 121. 03 
for modifiers affecting cultural 
Set Evolutionary stable i 
mle in suciubtological hypotheses. 1 56-60. 

and variation among human groups. 56, I SI 
Greeley. A M., study of 

39 

Group itkctioo 

cultural and conformist 
227-33; and cultural endogamy. 236; i 
cultural extinction. 237-31. 
needed. 296; 
erst ion. 238-40. and 
bias. 203. on symbobc variation. 273-77 
genetic, 230-32 
See also Altruism; Cooperation 
Guukd variation 

basic model of. 93-97 
biased modeling similar to. 143 
definition of. 82 

distinguished from: biased transmission. 

136-37; selection. 04 
evidence on strength of. 166-70 
and evolution of frequency depend™ 

213 

evolution of the strength of. 104-17 


191-94. 196 

and sociobiological theory. 133, 137-66 
summary discussion of. 263-64 
Ouiding criteria 

and biased transmission. 136-37 
role in guided variation. 9-10 


H [a measure of habitat]. 94=93 
use in models of: indirect bias. 257; guided 
variation, 96-126 

H, [culturally optimal trait value, in Freudian 
model], 195 

H* [genetically optimal trail value, in Freudian 
model], 195 

H. Hr [ o pti m u m vectors of preference and in¬ 
trails]. 255 

See General purpose 


r. P . on Catholic vs non-Catholic fertil¬ 
ity. 176 

Hoitabslsty. See CukuraJ variation and Genetic 
hentability of 

Set Environ 



for »eak bias and guided van- 

166-20 

, 93=94 

v*. ecological etpla- 

17,290 

of culture. 38 

23=24 

See Constant 



See Van- 


of culture. 35. Set 



as evidence for 

39 

. and definition of culture. 35 
243. See alto Indirect bus 

of. 242-43. 257-59, 



266. 267 


190 

with 
259-60, 293 


selection. 



324 Subject Index ami Glossary af 


) 

of. 10. 135. 243 

evidence for. 244-47 

maladaptive consequences of. 243. 268. 287; 

example*. 269-71 
m od e l s of runaway and Jnf1i»iy 
260-6* 

model of. 249-36 
'discussion of, 287-88 
and symbols, 271-79, 293 See alto i 

n jinn -c. . i. 

ic«un f jyinwik nypuimci, jymouu 

as useful gencial purpose rule, 258. 268 
Indirectly biased mis. defin i tion of. 243 
Individualism. and cmnuve n y 

i of explanation. 17, 23-24, Set 
so 


Individual learning Set 
Individuals, relationship to population*. >7, 
292-93 

Industrial societies 
cognitive style la. 172 

s. evolution of. 129-202 


of. 33 

• 83 

Set Costly 


Inheritance, cultural and genetic See 


error of Darwin. & 122 
and guided variation. SJ, 

Pearson's model of. L23 

of culture. Li 
at culture aa. 283 
See alto Guided variation 


cultural vs. genetic Cransnusuou of. 1 17-28 
definition of. 94 

Innovations, diffusion at. See Diffusion of 


Intradenuc and 


Intuitive 

IQ 

difficulty of 


of. 230-31 
I cul 
vs. 


32 


studies of faimlial 
variation 


49-32 


. 26 


J [width of bias function], 142 
Jacobs. R.. 


S.. oo Catholic vs. non-Catholic ferul- 
«y. 176 

F. . on effects of Mending inheritance. 33 

G. , an cffecu of religious affiliation on 

; 122 

of supply, as a property of public 
« 227 


K(G. X) [fitness cost of psychic conflict], 197 
X [number of punishers). 229 

D.. on failures of human judg- 

s. 93, 163 

example of altruism. 204 
KjU. S . on food preferences as cultural van 

177-78 

R . oo theories of culture, y 

md evolution of altruism. 205. 
See alto Group se le c tion. Cooperation, Al- 


.A. 


dC. 

32 


L[a 



of aa individual's propensity to 
mag]. 93 

i for. in constant envi- 
i. >04-6: ta fluctuating environ- 
112, m heterogeneous enviroo- 

US 

of. W-106. 130 

U(a reference value of L]. M 
L* (evokNNOary equilibrium value of L). 103 
effect of learning cost*. 115 
A(x) (probability that the frequency of cooper- 
akin among colonists is greater than x]. 
234 


i. 261 

Mas. 246-47 
t. See Inheritance of ac- 
variation. Guided variation 
I. 0.. oo mortality of Latter-day Saints, 
176 

Ladcr-Day Saints, doctrines as cultural van 
aboo. 176-77 


132 


as costly 
116. 

of 


of. 223 


. 136-37; 
prone. Li, 92-94. 114, 


sooobioiogical hypotheses. 161 
i of culture, M 
effect at errors in oo evolution of cultural 

116-17 

of. 83-86. 91-92. gj 

m variable environments. 106 

118-21 
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laboratory experiments on. 13-84 
model* o#: Bayesian, 89-92, g e ne r alixed. 

94-95: linear. 84-85 
lelaiioa U) aocial learn mg, 81-12. 92 
role in human tociobiotofy. li 
ubiquity of. 4^ 8i 

Set also Deciaioo making; Guided vmalic 

Rational cho ice 

Learning, social 

as acquisition of cultural rules. 43-44 

A. Bandura'i theory of. 41-44 

behavioral theory of. 41 

dal* as evidence for indirect bias. 244-45 

definition of. 40 

and definition of culture. 13-34 

equilibrium importance. 104-6, 108-10. 

U2-I3. 129-30 
in laboratory. *1=42 

propertiea of. 2 


shortcoming* of data, 44-45. 296-97 
structuralist theory of. 45 
O. Tarde'i theory of. 280 
See alto Cultural transmission. 
SocUhuciofi 
Learning coals 

biased traainuuioa and. 149 
effect on evolution of cultural 

114-16 

summary discussion of. 285 
See also Coally information 
Levels of explanation. 2.1.24 
LeVine. R. 

on cthnocenimm. 238 
on relation of “need for I 


Levins. R . on modeling strategy. 25 
Lie scale, evidence for • 

52 

Life cycle, of cultural ceganism. 21 
Linear cultural t ra na mi asion 
examples of. 64-65. 61 
relation to biased rransnusswo. L&. 137 
See also Unbused transmtuion 
Line of equilibria, in model of indirect bias. 
264 

Longevity, selection oo cultural variation for. 
176 

Longitudinal studies, need to 
psychometric 
Lumtden. C.. on the 

159, 162-65 


153-57. 191-94; 

bus. 2J6, 222, guided variation. 106-10: 

257-58 
i. 235. 275 

MXXJ [marginal probability that the itfa model 
has the cultural varum. Xj 
definition of. 66 

redefined as a marginal density far quart- 
M(X..Xj [)««. probability distribution of 

X. X] 

i of. 66 

at a joint density for quantitative 

22 

tn a model of horuomil transmission. 69 

MIX. X) [a* joint probability density that 

a set of m od el s farms with a particular 
of vectors of cultural 
•1250 

it (nun of coopcrasors in a group). 228 

i rates). 62 
rates). 68 

sy over levels of 

L2 


uses of. 228; 

204-6. 227. 236; mduect bus. 268; 
nl selection, 185-86. 190. 198-99, 286 
of. 14-16 

of. 242; fertility limitation. 
I99-2Q2; gum yams. 269-70; tattooing. 
270 71. umlinral inheritance. 202 
d runaway process. 267-69. 279 
d symbolic hypotheses. 242. 271. 277-79 
mmetric transmission. Costly In- 
hypothesis. Sodobiological 



178 

Martha s Vineyard, dialect 
264-65 

See Models. 


i. 261. 


, 236-37 

Of. 94 


m [rate of cultural contact or migration]. 108 
in models of evolution of: direct bias. 
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n Polynesian. 

.32 


val- 


MeUnestan social 

52 

Memc, unit erf cultural 
Mendelism, 123 
Migration 

effect on correlation ot I 
ue» at equilibrium. 257 
and evolution of: direct bua. 155-57; of 

boa. 22 , 

l. 106-6 
and group selection. 230-35, 275 
See also Environments, variable; m 
Modeling, biased. 144-46 
Mode of production. effects on culture, 56-59 
parent*. 7, 61-69- See also 

Cultural 


l«0. 


and Darwinism. 20-23 
defense of use. 30 
recunion, 21=23 
tradeoffs among general) 
dictive power of. 23 
va. intuitive models, 30 
Modernizing societies 
and selection on cultural 
199-202 

and variation for psychological traua. SUM) 
Modifier approach See EvoiutsooanJy stable 
strategy 

Mortality, cultural variation for. 175-77 
Multifactor 
of cultural 

effect on covariance between char sc ten. 254 
Multiple cultural characters, modeling of. 

247-46 

Mutation 

effect in a genetic model, 62-63 
and genetic vanatioo. 25 
its cultural analog. 67 
See also js 

o [aa the number of subpopulauoas], 216 
a [as the number of models], 1L 132 
a. [the effective number of models], 74, 72 
and direct bias, 142. U2 
effect on equilibrium value of L. 105 
and frequency dependent bias, 210 
and indirect bias. 250 
n. [geometric mean effective number of 
models]. 251 
N [population size]. 62 
in models of: cooperation. 226, 275; effect 

of selection. 101 - 2 . 161=62 
N, [size of jth subpopuLatmo], 275 
N(e, H ..,e0 [multivariate normal distribution of 

errors], 71-72 
.of, 8 


from 

of sociobiology, 13 -14 
of direct bias, 146 
i of. 268-89 

and symbolic hypotheses, 271. 279 
See also Soc»ob»ological theory 

on cultural vanauon 
i force. 175 
definition of. 174 

and the demographic transition, 199.--202 
guided variation and bi- 

1 . 174-75 
of. 175-60 

ducuauons of, M, 173-74. 285-86 

vanauon. 121-22 
«. 261 

of Freudian model. 194-97; with 
social rolei. 166-66, parent- 
r. LSUdtfi. symmetnc life cycle, 

m-g? 

See also Grasp selcctsoo on cultural variation 
Natural selection, an genetic variation 
and the evolution of asymmetric trans¬ 
mission. 169 

and the evolution of cultural transmission 
and guided vanauon, 96=1.10 
and the evolution of direct bus. 149-57 
and the evolution of frequency-dependent 
bias. 213-21 

oa quantitative characters, 100-104. 118-21 
summary Ascusswo. 2*6-89 
See also Cultural transmission, adaptive ad¬ 
vantages. Evotutmnanly stable strategy 
Nature-nurture controversy 
and culture, 34 

and difficulty of distinguishing cultural and 

».12 

Need far ac aevement. as cultural variation. 



R.. on heuristics in natural settings, 

169-70 

1.212 

l. evidence for. 53-55. 
See also Asymmetric transmission 

i of teu of cultural parents 
211 

of vanatioo. 75-76 

of sea of cultural par- 



of.62 


for 


characters, 72 


n.. 0* [probability of becoming a teacher as a 
of cultural trail c or d (teacher’s 
ness)). 163 

OfY) (cultural fitness as a function of pheno¬ 
type. in Freudian model], 195 


Naive individuals. 
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Oblique transmission, 53-56. See oho Aiyro- 


OUervitioril learning. See Learning. «cal. 

Cultural 
Occupational 

»nd. 52 

Opinion Icidcnhip, m 
bus. 243-46 
Optimal foraging theory. 

Origins, vi. mechanisms, 
oreucal inquiry, 282 


for indirect 


93 


p (frequency of cultural variant). 64 

in models of bused truummioo. I3«. 145; 
frequency-dependent bias. 208. 

P-. P- (frequencies 

among colonucn). 219 
pi (value of p in subpopulaoon i], 133 
p. (central unstable equihbnum frequency of c). 

219 

p, [and cultural group seketian). 232 
£ [equilibrium frequency of p). 68 
p (avenge frequency of c in the whole 
population]. 217 
and cultural group lelectioo. 232 
P.. P. [internal mmirna and maauna of ftpO). 
233 

P« [reference value of p], 218 
PfX) (dutnbuuoo of a cultural variant for a 
quantitative character). BtU 
and effect of genetic variation for L. 100 
and guided variation. 96 
P(Xj,X*) (the joint distribution of indicator and 
preference trails], 235 

<b [fraction of the subpopulatkn that arc at the 
cooperative equilibrium, pj. 233 
Parental care, and the evolution of culture. K2 
Parenu. cultural See Cultural 
Parent-teacher model. 182-86 
Particulate inheritance See 


variation. 

Patrilineal kinship. 

also Uoilineal 
Personality traits, i 
Phenotypic plasticity. See 


96 ^ 111 

Plains Indian 

37 

Political affiliations, familial 
Polynesia 
tattooing in. 270 
vs. Melanesian social 
e. prestige on. 269 


.5? 


of. 61-63 

of a 


292-93 


Prairie dogs, 
or 


theory. 25 

, definition of. 4 
to individuals. 37, 


.231 

of culture 

.36 

. as evidence for cultural 


r. vs. generality and realism of 
25 

Preference trail 

i of. 243. 260 

model of. 260-66 

bias. 243. 239. 

276 

241-42 

in Polynesia. 270-71 
269 

s I>■ lemma and cooperation. 22 * 

vs family sixe. 200-201 
doctrines as cultural van- 
176 

r, and social learning. 43 



268-69. 293-04 




l. 160-61 

•ct hypothesis. 163.M 

q [gene frequency). 61 
$ [equilibrium gene fraquency). 63 
%i l* eoo *> , P* c frequency of O). 147 
q [freque n cy of cultural variant c in sub- 
populabon IJ. 133 

Q(X) [distribution of genetic values). 120 


for. 2 QLSee 
43 

of. 56-60. 


of. 70=79 

of direct bias. 141-44; frequency- 
bias. 221-23; guided variation. 
94-98; indirect bias. 247-57; natural sc- 
194-97 

of. m, 194-97 

is of. 123 

See alsi 

I of cultural variation 
for. 297 




J. 211 



in a 


nu 
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models are (he same foe two traits). 231 
91 [benefit ft* coopexaoon], 228 
p [logarithm of (he ratio of 

populations). 123 
Random variation 

and bused transmission. 141 
in a blending model of cultural l 

71-76 

in a dichotomous model of • 
mission. 62=68 

and evolution of direct bias. 131-32 
and evolution of guided vanatson, 106-16 
force in cultural evolution. ?, 2*3 
and frequency-dependent bins. 222-23 
and guided mutton, 93-97 
and indirect bus. 249 
in a multifactor model of cultural trmu 
mission, mi 
See aba e. E; « 

Rational choice 

Bayesian model of. 81=92 

os mm too. 1)6-37 
II 92-94 

I*mils of. 161=20 

See alto Bused 
individual 


1.23 
Reciprocity, as 
230. Sees 
Recursion 


•o group selection. 

of 


20 - 23 . 61 


21=24 


42-43. 46 




of meaning. 277 
of maladaptauoos, 278 
tattooing, 269; yams, 269 
of indirect bus. 264-67 
discussion of. 287 
Freudian model 


»[' 

ul 


(sal], 149. 184 
se l ect io n differential due to 
bias). 213 
in the itb 

■1. 216 

of Qaussun fitness function for a 
ntnativc character]. IQO-IQI 
th of fitness function for a genetically 
Oaaamiacd initial phenotype averaged over 
acquired phenotypes). 118-19 
S.. S, [wufth of fitness functions for culture 
and genes, in Freudian model). 193 
S« (*>dtb of fitness function for psychic conflict 
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